CGINEERS 
DIGEST 


VOL. XIIl No. II. \van . NOVEMBER, 1952 


THE high rates of output and the degree of accuracy obtainable on the Churchill ‘Fulcro- _ 


Sizer? Av'tomatic Plain Grinders are a revelation even to those accustomed to producing fine ‘\ 


tolerance vork on a manufacturing basis. 


THE CHURCHILL MACHINE TOOL COMPANY LIMITED, BROADHEATH, MANCHESTER 


Export Sal. Organization Said sce Associated British Machine Tool Makers Limited, London, Branches and Agents. 
Home Sellii Agents eae aes aes Charles Churchill and Company Limited, Birmingham and Branches. 


PIRECISION plus PRODUCTION 








PRESSURE 
DIE-CASTINGS 


are so simple to 


SPARKLETS 


The Cub Electric Drill assembly is 
reproduced by courtesy of 
Wolf Electric Tools Ltd. 











We have specialised in 
die casting zinc, aluminium, tin and 
lead alloys for over 50 years. The more 
complicated the job, the better we like it. We guarantee 
personal supervision at every stage, courteous service, and 
above all careful and precise workmanship. 


Write for advice and quotation to 


\ SPARKLETS LI M ITED DEPT. DZ.21, QUEEN ST., TOTTENHAM, N.I7 





now 


WRITE FOR 
99 


A 
NEW BOOKLET 


peco. TRADE WARK * 





CASTINGS FOR 


m= CRONITE FOUNDRY COL"? 


LAWRENCE RD‘TOTTENHAM LONDON NIS 
PHONE STAMFORD HILL 4237 

















THE BLUE PAGES 





— 


@ FLAME PLATING 


Flame-plating is a new method 
which makes it possible to deposit 
ered metals such as tungsten 
carbide on the surface of metal 
parts without distorting the part or 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





changing its metallurgical proper- 

ties. The deposit is made in the form of a coating 
md is normally applied in thicknesses ranging 
from 0-0005 to 0-02 in. An important point is 
that the coating is not diluted in any way. Steels 
of all types, cast iron, aluminium, copper, brass, 
bronze, titanium, and magnesium have all been 
coated successfully by the new method. One of 
the greatest advantages of the new process is that 
the temperature of the base metal is not raised 
above 400° F during the plating operation, even 
when tungsten carbide is being deposited. The 
low-temperature deposition practically eliminates 
any possibility of a change in the structure of the 
metal being plated, and minimises the danger 
that the part thus treated might warp. The 
process is claimed to be highly adaptable, and 
flat areas as well as cylinders, holes and parts 
having various shapes and contours can be coated. 
Surfaces up to 6 in. wide and 40 in. long can be 
handled with the equipment available at present. 
The plated part can be used either as coated or 
may be ground to a mirror finish. In the majority 
of applications made so far, parts flame-plated 
with tungsten carbide have shown a wear resis- 
tance equal, or superior, to the sintered tungsten 
carbide, and vastly superior to cast alloys, hard 
chrome-plating and tool steels. It is claimed 
that parts flame-plated with tungsten carbide 
have all the desirable properties of sintered tung- 
sten carbide, such as resistance to abrasion and 
frictional wear, and in addition have a lower 
modulus of elasticity and greater resistance to 
impact and thermal shock. 


@ ANTI-ICING COMPRESSOR BLADES 


The compressors of gas turbines for aircraft 
propulsion must frequently operate in atmospheric 
conditions which are favourable to the formation 
and accumulation of ice on the rotor and stator 
blading, and it need hardly be stressed that the 
formation of ice would seriously affect the effi- 
Gency of the compressor. It is therefore desirable 
© provide anti-icing means for preventing such 
lce-formation. During the process of air com- 
Pression, the air experiences a temperature rise 
Which, for instance, may amount to 200° C with 
4 compression ratio of 4 to 1. Consequently, 
King conditions will not normally occur in the 
later stages of compression, and anti-icing pre- 
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cautions can thus be confined to the initial com- 
pression stages, as, for instance, the first two 
rows of stator and rotor blading. According to a 
recent invention, the formation of ice can be 
effectively prevented by internal heating of the 
blade rows endangered. While primarily intended 
for application to axial-flow compressors, the 
system of internal heating can also be used in 
the case of centrifugal compressors having ro- 
tating inlet guide vanes which have been made 
separately from the main vane portions of the 
impeller. When applied to axial-flow compressors, 
the hollow blades concerned are filled, for exam- 
ple, with graphited rubber which is electrically 
conductive so that it can serve as a heater element. 
By using embedded electrodes to pass the current 
through the heater element, the flow of current 
and consequently the distribution of the heating 
effect can be influenced by appropriate positioning 
of the electrodes. Thus, by placing the embedded 
electrodes near the leading edge, maximum 
heating effect can be ensured where it is needed 
most. 


@ INVESTIGATION AND DOCUMENTATION 
OF SURFACE DEFECTS 


The technique of non-destructive crack de- 
tection by fluorescence or dye methods employing 
developing powders has now been further per- 
fected to a point where permanent records of 
the defective areas can be obtained. For this 
purpose, a special lacquer is used as developer in 
the place of powder, the lacquer being applied to 
the defective part after impregnation. This lacquer 
is transparent and colourless, and can be removed 
as a thin skin after drying. The lacquer thus 
serves three distinct purposes. Firstly it acts as a 
developer because the fluorescent oil or the dye 
dissolves in the lacquer and is thus drawn out of 
the cracks. Secondly, the lacquer acts as a fixing 
substance so that the image of the defect is fixed 
in the rapidly drying layer of lacquer. The de- 
veloped image of the defect cannot be damaged 
or wiped off after the lacquer is dry. Thirdly, the 
lacquer replica of the defect is true to size, shape 
and relative position of the defect. The prepara- 
tion of such a replica is claimed to be more rapid 
and less expensive than the production of a photo- 
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ph. In most cases, the film of lacquer can be 
ysed aS a negative to obtain copies by photographic 
means. The lacquer skin is easily stripped off 
Jane surfaces ; but removal is somewhat more 
difficult or even impossible in some cases where 
imegular or strongly curved surfaces are concerned. 
In cases of this kind, when the skin is spread out 
on a plane surface, the image is no longer geo- 
metrically correct, but even so the replica will 
constitute a useful document. 


@ iMPROVED INGOT POURING TECHNIQUE 


The introduction of tarred or carbonised ladle 
nozzles has brought about an important improve- 
ment in ingot pouring practice. The properties 
required of a satisfactory ladle nozzle may be 
summarised as follows. The nozzle material must 
not induce the build-up of steel in the nozzle 
bore during the pour. At the steel pouring tem- 
perature, the nozzle material should be semi- 
plastic so that the graphite stopper head will seat 
properly at all times during the pour. This will 
prevent dripping from mould to mould, and metal 
will not stick to the nozzle. It goes without saying 
that the nozzle must not appreciably erode during 
use in order to minimise the amount of refractory 
inclusions carried into the ingot. Finally, a nozzle 
must have good mechanical strength both at room 
temperature and at steel pouring temperature, in 
order to reduce spalling and chipping during 
handling or during the pour. Carbonised nozzles 
are made of medium-duty fire clay which is soaked 
in hot anhydrous tar. The first step in the pre- 
paration of carbonised nozzles is to check the 
seating of the stopper head in the nozzle. If a 
true seat is not found, the nozzle is ground back 
until the stopper head makes perfect contact. The 
nozzles are then lowered into a tank of heated 
anhydrous tar, in which they are left until thorough 
penetration has been obtained. They are then 
removed from the bath and placed in a gas-fired 
drying oven in which they are held at 350 to 400° F 
for 48 hours. After the nozzles have been dried in 
this way, they are scraped and brushed to remove 
blistered or flaked tar from the external surfaces 
and from the bores. To achieve a constant pouring 
rate with the decreasing ferro-static head as 
pouring proceeds, the nozzle material must erode 
slightly at pouring temperature. 


@ PRESSED AND SINTERED NYLON 
POWDER PARTS 

_ The development of new and extremely finely 
divided nylon powders made from the high- 
melting nylons has made possible a fabricating 
technique similar to that used in the powdered 
metal industry. These nylon powders can be 
cold pressed and sintered below the melting point 
into articles such as bearings which are unusually 
wear resistant and have excellent frictional pro- 
perties, particularly where lubrication problems 
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exist. Component parts made in this way are 
reported to show better dimensional stability than 
conventionally moulded nylon parts. Moreover, 
the process is more suitable for the addition of 
fillers than usual moulding techniques, and di- 
mensional stability is thus still further improved. 
A wide range of fillers may be embodied with the 
powders in dry state, thus eliminating the danger 
of segregation, which is present when fillers are 
added to molten nylon. In addition to achieving 
lower hygroscopic or thermal changes, the process 
of cold pressing and sintering high-melting nylons 
appears to result in a finished object having less 
internal strain than is normally found in a con- 
ventionally moulded piece. In general, the new 
technique of fabricating nylon follows rather 
closely established powder-metallurgical practice. 
The powdered nylon is compressed, while cold, 
in a mould designed to give the desired shape. 
The moulded compact is then heated to bring 
about sintering. Pressures of the order of 25 tsi 
are claimed to give satisfactory results, although 
pressing at 5 tsi can be used with only a slight loss 
in strength. In the actual sintering operation it is 
essential that air be excluded, as otherwise the 
sintered pieces have very low strength. 


@ FLUID PISTON TYPE BEARINGS 


Several novel types of piston pump bearings 
have been introduced of late, such as, for instance, 
the Gérard bearing, which has already been ap- 
plied with success to grinding machines. In fact, 
application of these bearings is rapidly increasing 
owing to their inherent extraordinary advantages 
in certain cases. These bearings can be lubricated 
by the fluid being pumped, although it may have 
no lubricating qualities in the usual sense and 
may even be hot and corrosive. Moreover, 
materials may be used which would not be 
suitable for conventional bearings. Also, metal-to- 
metal contact for short periods can be tolerated 
and foreign particles which score the bearing 
will not necessarily affect its operation. In fact, 
the bearing surface does not need to be particularly 
smooth. In the case of pumps which have to 
handle corrosive liquids or liquid metals, con- 
siderations of leak-proof design make it imperative 
that the bearing should operate in the liquid 
which is being pumped. This means that the 
bearings must be lubricated with fluids which may 
be low in viscosity, having very poor lubricating 
properties when measured by standards of normal 
bearing requirements. Frequently, the bearing 
material to be used may have poor bearing 
qualities itself as it has to be selected exclusively 
from the aspect of corrosion resistance. Latest 
applications include radial bearings as well as 
double-acting thrust bearings. The radial bearing 
consists essentially of three or more pockets or 
pistons spaced around the circumference of the 
shaft. Usually, four such pistons are used, with 
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each piston covering a little less than 90 deg. of 
arc, leaving some space between adjacent pistons. 
fach piston is a shallow rectangular box with an 
open end facing the shaft. Fluid under pressure 
is passed through an orifice into each box and 
exerts a thrust upon the shaft, holding it centrally 
in the bearing. 


@ EXPLOSIVE PRESSING OF TITANIUM 

CARBIDE 

Titanium carbide has been available for ex- 
perimental purposes for the last three years or 
so, and there is no doubt that its high strength at 
elevated temperatures makes it an attractive 
material for gas turbine construction. Its value 
in this respect is further enhanced by the fact 
that its density is only some two-thirds of that of 
conventional high-temperature alloys. This pro- 
perty is of particular advantage in rotating parts 
where the centrifugal stresses are proportional to 
the weight of the part. Further advantages are a 
high thermal conductivity and a low thermal 
expansion which are conducive to good thermal 
shock resistance. Because of the high compressive 
strength of the carbide particles and their poor 
flow characteristics, there exist severe limitations 
regarding the shapes that can be pressed. For 
such shapes as gas turbine blades, bushings, 
nozzles and other complex forms, the equivalent 
of ingots are pressed and then machined by a 
conventional method, allowing for shrinkage. For 
the cutting to size, diamond-tipped band saws 
find application. In order to obtain uniform den- 
sity of the pressed parts, a novel pressing process 
has been evolved which represents a radical 
departure from conventional practice. In its 
original form, this process consists in using the 
breech block and chamber of an old 14 in. gun 
and explosively compressing the material enclosed 
in rubber pouches under liquid. For this purpose, 
the bags are lowered into this rather unusual 
press, the chamber is filled with liquid and a 
powder charge is lowered inside and exploded 
electrically. Larger explosion chambers of this 
type are now in course of construction. 


@ NEW ALUMINIUM WELDING PROCESS 


A new arc-welding process for the joining of 
small-diameter aluminium wire has been deve- 
loped which, in some cases, may prove better 
or more economical than present-day methods of 
joining. The equipment required for the new arc- 
welding process is relatively simple. A direct 
current arc in which the voltage does not drop below 
20 volts gives the best operating characteristics. 
As a source of such power, standard six-volt 
storage batteries may conveniently be used. These 
batteries possess low internal resistance and are 
capable of maintaining voltage under heavy load. 
In addition, the storage battery is a simple, 
readily available, and portable piece of equipment 
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and requires no external source of power. Other 
sources of direct current are, of course, acceptable, 
provided the arc voltage does not drop below 20 
volts. The use of alternating current as a source 
of power has not been fully investigated, but 
preliminary results indicate that sound welds can 
be made with the employment of a vibrating 
electrode. The electrode for either direct current 
or alternating current consists of a replaceable 
graphite button in a small holder. Insofar as the 
welding procedure itself is concerned, no surface 
preparation other than the removal of the insula- 
tion is required in making the wire joints, so that a 
good electrical connection can be made. The weld 
is made simply by striking an arc between the wire 
and the carbon electrode. No flux or protective 
atmosphere is necessary. Copper wire may also be 
joined to aluminium by this method, but the weld 
is brittle and must be protected mechanically. 


@ CUTTING WITH GAS-PROPELLED 
ABRASIVES 


A novel method of cutting with gas-propelled 
abrasives provides a quick and accurate method 
for high-precision operations such as the removal 
of metallised films from glass and ceramics, 
drilling thin sections of materials which are hard 
to work, etching and polishing. The apparatus 
developed for carrying out the process directs 
the gas-propelled abrasive stream against the 
workpiece surface through a sintered tungsten 
carbide nozzle. As the abrasive jet leaves the 
nozzle, it attains a speed of approximately 1100 fps, 
its diameter being only 0-018 in. The abrasive 
action takes place without the usual heat generation 
and without the pressure and vibration ordinarily 
experienced with other cutting methods. This 
has been found to be of particular significance 
when working materials such as germanium, 
the physical and electrical properties of which 
might be affected by heat and shock. Because 
there is no direct contact between tool and work, 
dimensional variations or wear marks of the tool 
will not affect the cut produced. Any dry inert 
gas such as carbon dioxide may be used as the 
propellent. Normally, a processed aluminium 
oxide powder is used as abrasive. For certain 
applications which require lighter cutting action, 
a dolomite consisting of a mixture of calcium and 
magnesium carbonate is employed. It is reported 
that standard commercial grades of abrasives are 
not suitable for this process. The jet emerging 
from the nozzle constitutes a cone with an in- 
cluded angle of seven degrees. When cutting 
glass with the nozzle held at a distance of } to } in. 
from the workpiece, the unit will remove about 
one milligram of material per second. In spite of 
the ease with which the apparatus cuts hard and 
brittle surfaces, it has practically no effect on 
resilient or soft materials such as rubber, cloth 
and certain types of plastics. 
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@ NEED FOR IMPROVED ENGINE AIR 

FILTERS 

A recent report on air filters for internal 
combustion engines contains a number of in- 
teresting Comments on various existing types and 
challenges designers to produce more satisfactory 
filters of radically new design. The art of designing 
air filters is claimed to have lagged, and existing 
types are claimed to flaunt far too many engineer- 
ing compromises. The oil-wetted type is con- 
sidered to be almost a menace. Although its 
initial pressure drop is low, pressure rise and 
efficiency fall-off are too rapid. The latter are 
assumed to be kept within tolerable limits by 
proper cleaning, but this assumption is claimed 
to be dangerous since it can lead to rapid engine 
wear from airborne impurities. The oil bath 
type, although it has the fewest compromises, has 
too high an initial pressure drop, it is stated. It 
weighs too much and it costs too much. The 
centrifugal separator or cyclone type is criticised 
in view of its excessively high initial pressure 
drop and the wide variations in its efficiency 
with the engine intake air flow. The strainer 
type of filter is considered to be the most efficient 
type, “‘ but proper cleaning is almost impossible.” 
The initial pressure drop is low, while the pressure 
rise is rapid, due to efficiency. Also, it takes too 
much space and its cost rises with its efficiency. 
Electrostatic filters are claimed to be too expensive, 
too big, and too difficult to service. They have 
too many parts to give trouble-free service and 
they have to be cleaned too often. Discussing 
future developments, the author of the report 
points to the possible development of self- 
charging electrostatic plastics with possible auto- 
matic washing, high-efficiency centrifuging with 
external energy source, or ultrasonic agglomeration 
of particles. 


@ MINIATURE INERT GAS GENERATOR 


A small light-weight type of inert-gas 
generator has been developed for the purging of 
aircraft fuel tanks of inflammable mixtures of 
fuel vapour and air. This generator produces an 
inert gas by controlled partial combustion of a 
fuel such as is used in the engines of the aircraft. 
The gas produced is subsequently cooled, dried 
and supplied to the vapour space over the stored 
fuel. Similar large-scale inert gas systems have 
been built for many years for industrial processes. 
In order to make such equipment suitable for 
aircraft installations, as, for instance, in fighter 
aircraft, it was, however, necessary to devise a 
furnace, refrigerator system and dehydration 
equipment of minimum dimensions. The extent 
to which the designers have succeeded in their 
task may be assessed from the fact that the com- 
bustor system of the unit which produces 7 Ib 
per minute of purge gas weighs no more than 
approximately 2 lb and is 43 in. in diameter and 
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8 in. long. The actual combustion zone is only 
34 in. inside diameter for one-fourth the length 
and 4} in. inside diameter for the balance of the 
8 in. Combustion air is admitted tangentially 
under 12 psig pressure 10 an annulus formed by 
an inner sleeve, inside of which combustion 
takes place. The gas leaves the combustor at a 
temperature between 3,000 and 3,600° F and is 
cooled in a heat exchanger constructed of high- 
temperature resistant metals. This heat exchanger 
is of the dimpled plate, cross-flow type. The hot 
gas flows longitudinally between the plates and 
around the dimples, and the cooling air flows 
across the outside of the plates. 


@ VACUUM BRAZING OF CLAD STEELS 


Conventional furnace brazing techniques with 
copper and copper alloys as brazing materials 
invariably specify that fluxes and/or special fur- 
nace atmospheres must be used in order to obtain 
complete wettability of the brazing materials and 
resulting strong and sound brazed joints. Liquid 
and paste fluxes have been found to be very diffi- 
cult completely to remove in the brazing of rela- 
tively large surface areas, and their presence in 
the bonding zone after brazing causes discon- 
tinuity of bond, brittle areas and a general lowering 
of bond strength. A system of vacuum brazing 
has now been developed wherein sound and con- 
tinuous high-strength bonds can readily be ob- 
tained throughout areas of virtually unlimited 
size, without the use of introduced furnace 
atmospheres and without contamination from 
fluxes. In the case of brazing of stainless steels, 
it is not necessary to nickel- or iron-plate the 
stainless surface before bonding in order to ob- 
tain a strong oxide-free bond. Continuous brazed 
bonds can be produced between low and medium 
carbon steels and all of the three major classifica- 
tions of stainless steels, i.e., ferritic, martensitic 
and austenitic steels. In addition, this same high- 
strength brazed bond, which averages from 40,000 
to 60,000 psi shear strength, can be attained 
without difficulty between low and medium carbon 
steels and pure nickel, Monel and Inconel. This 
development may well open new fields of appli- 
cation in the brazing of large continuous surface 
areas, as brazing can now be accomplished without 
entrapping brittle flux particles. Furthermore, 
the use of vacuum pressure between 29 and 30 in. 
of mercury furnishes tremendous pressures which 
are exerted uniformly over the entire area being 
brazed, ensuring a continuous and uniformly 
strong bond throughout. 
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REALISING the pre-war achievements of the 
German plastics industry, a great deal of curiosity 
was aroused throughout the world, especially in 
the United States and Great Britain, in antici- 
pation of the Exhibition at Diisseldorf. The effect 
on visitors, however, proved to be something of 
an anti-climax inasmuch as the design of machin- 
ery and equipment on view did not come up to 
the standard of their Western counterparts, al- 
though the quality of the German products was 
fairly high. 

One of the most conspicuous gaps was noticed 
in the field of compression presses, where only 
two pre-war models were exhibited. It was 
therefore apparent that leading German press 
manufacturers had either ignored the Exhibition 
or were reluctant to display their machines. 
Disappointment was also registered as regards 
injection moulding machines. Of these, only a 
few small neat designs were shown, which, how- 
ever, followed well-established British and 
American practice. It was readily admitted by 
the Germans themselves that their injection 
machines lag years behind the Western countries 
from the viewpoint of productivity, and they 
§ apparently hold the belief that there is no market 
in Germany for high-productivity machines. An 
interesting feature of the German machines was 
the control of the heat for the plasticising chamber 
in several instances by manual voltage regulation 
(transformer) rather than by the usual thermo- 
static means. 

Some of the injection machines—even up to 
8 ounces capacity—were driven by direct toggle 
action, the motor acting upon the toggle via a 
friction clutch, with separate motors for clamping 
and injection. 

The hydraulically driven machines on view 
were of various types, embodying fully-hydraulic 
» clamping and one or two rams. A design not 
' met with in British or American machines con- 
) sisted of a hydraulic circuit on each machine with 
» 4 accumulator and a correspondingly lower 
; Motor rating. 

' _ Very little additional equipment for preheating, 
| deflashing, drilling, assembly, etc., was shown. 
| The German industry seems to rely more on 
| Manpower in this respect. Perhaps the best 
machines in this group were the tabletting 
| machines of the single punch and rotary type. 
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The German Plastics Exhibition, 1952 








Extrusion machines exhibited were also rather 
small in comparison with U.S. or British machines 
of the same nominal capacity. It seems that the 
Germans have set out to build extrusion machines 
exclusively for extruding work and separate 
machines for compounding. 

The few calenders and compounding machines 
shown might perhaps be regarded as the high- 
lights of the exhibition. Another interesting 
feature was the large-scale application of induction 
heating at mains frequencies. This was demon- 
strated on a full-size resin-making kettle. 

As regards materials, the application of welded 
P.V.C. to apparatus for the chemical industry 
was quite impressive. Mention should also be 
made of the various wood-waste or wood-shaving 
resin products, the application of which—de- 
veloped mainly during the war years—is still in 
greater evidence in Germany than it is in the 
Western countries. A noticeable improvement 
was the wide colour range and aesthetic appearance 
of plastics materials. 

It was generally observed throughout the 
exhibition that the Germans place great emphasis 
on standardisation, testing methods, education 
and literature. They are making great efforts to 
cover the entire industry by standard specifica- 
tions. The testing machinery and methods were 
demonstrated in an extremely instructive manner. 

Regarding literature, all German publications 
were shown, whereas there were only a few U.S. 
books and no British publications whatsoever 
to be seen. 

It may be interesting to note for comparison 
purposes that there was a total of 230 manufac- 
turers showing at the exhibition, the main groups 
of which could be classified as follows : 


Mould makers - - 14 
Compression presses - 2 
Injection machines - - il 
Extrusion machines - 7 
Custom moulders  - - 34 
Thermosetting powders - 12 
Thermoplastic powders - 7 


In conclusion, it can be said that, judging 
from pre-war comparisons, the exhibition did not 
come up to expectations; perhaps these were 
placed too high in view of German achievements 
and speed of recovery in other spheres. 


373 














RUSSIA 


Investigation of Thermal Processes in Spot Welding by 
means of Models 


By D. S. BALKOVETz. 


(From Avtogennoye Dyelo, No. 3, 1952, pp. 13-16, 6 illustrations.) 


The difficulties of experimental studies of spot welds can be overcome in models of enlarged size. 
Examination of the fundamentals of model theory reveals that, together with the benefits of increased 
scale, a proportional rise in welding current and a quadratic rise in welding pressure constitute difficulties 


in model experiments. 


The author has used wedge-shaped models instead of complete circles and finds 


the error introduced by the lack of circular symmetry quite negligible, even with small wedge angles 
Results of model tests are given which lead to a refinement of a previously proposed analytical method 
for finding the heat needed by each spot. 


THE experimental investigation of thermal flow in spot 
welding is a difficult task owing to the small volume of 
metal heated and the short duration of the process. 
The first condition excludes the practical possibility 
of introducing measuring thermocouples into the 
heated zones, because even the smallest holes can cause 
appreciable distortion of the distribution of heat sources. 
This difficulty can be overcome if the temperature field 
can be reproduced as an enlarged model similar to the 
field of the welded spot. 

The similarity of two physical phenomena means 
that in corresponding points of space and at corres- 
ponding moments of time, any magnitude which 
characterises the first phenomenon is proportional to the 
same type of magnitude related to the second pheno- 
menon. This proportionality will be ensured if the 
heating process of the model satisfies a differential 
equation obtained by a proportional transformation of 
the differential equation describing the process to be 
simulated. 

+7 The temperature field in 

the components and elec- 
trodes (Fig. 1) in spot welding 
: can be described approxi- 
* mately in axially symmetrical 
“kat ] .. ©0-ordinates by means of the 
differential equations (1) and 


7TN ~. 


(2), of which eq. (1) applies to the components and 
eq. (2) to the electrodes. 











Diagrammatic section 
of spot weld. 
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In this the radius of the circular contact surface 
between components and electrodes can be assumed as 


P 
‘= — .. oa ect (3) 
O,.7 
The following symbols are used in the above equations : 
T = temperature, in “C, of welded components at a 
point with the co-ordinates r and z ; 
t = time, in seconds, from the instant of switching 


in the welding current ; 

current density in element of volume (mea- 
sured in A/cm?) ; 

I = total current ; 

R, and R, = contact resistance between the two com- 
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ponents and between an electrode and a com- 
ponent, respectively ; 


P = load on electrodes in kg ; 
co, = Mean compression stress in kg/cm? ; 
p3 A; c¢3; a@ = true values of electrical resistivity, 


heat-conductivity, specific heat and temperature 
conductivity at a point with the co-ordinates + 
and z. 
y = specific gravity in gr/cm?. 
Subscripts m and e refer to the material of the com- 
ponents and to the electrodes respectively. 
It can easily be shown that for the system of equa- 
tions given above, the multipliers of a proportional 
transformation must obey the following conditions : 


(a) vr = » =» = wy = ve, = 1 


(b) »% = »? 
(c) 4, = 1/», 
(d) vp = v/? 


(€) vre = YRe = 1/% 

The multipliers are identified by their subscripts. 
Note that, owing to a relation between the electrode 
pressure P and the contact resistances R,. and R,, the 
similarity conditions (d) and (e) cannot be simultaneously 
satisfied. 

The above conditions show that the model must be 
made of materials similar to those of the original, 
because the multipliers of temperature and of the 
physical properties are equal to unity. The magnitudes 
of all other parameters can be determined when one of 
them is known. For the investigation of the tem- 
perature field it is probably enough to choose a 10 to | 
model. In such a model, all linear dimensions are 
multiplied by ten ; the duration of heating is multi- 
plied by 100 and so is the load on the electrodes. 

The construction of such a model under ordinary 
laboratory conditions is not easy since the current 
passed through the spot must also be multiplied by ten, 
apart from the difficulty in obtaining a hundred-fold 
pressure. These difficulties can be eliminated if a 
wedge-shaped model (V- or X-type) is employed as 
shown in Fig. 2, because in this case both load and 
current can be reduced by a factor 360/«. 

At « = 12 deg. the reduction is thirty times. 

In a wedge-shaped model, axial symmetry is not, of 
course, maintained, since a heat flow will exist towards 
the flat sides of the wedge. The distorting influence of 





«/2 











(a) 


Fig. 2. Diagrammatic view showing cutting of wedge 


(a) X-shaped model, (b) V-shaped model. 
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this heat loss will manifestly be greater 
the smaller the angle «. Another disad- ‘c 
vantage of the wedge model is the impos- 
sibility of carrying observations to a stage 
in which the core of the spot melts. 

Experimental verification has shown 
that the influence of the heat loss in a 
wedge model of a = 15 deg. reduces the 
temperature of the regions adjoining the 
edge by only 6 per cent at a temperature 
of 800° C, and only 10 per cent at a 
temperature of 1200° C in comparison 
with an uncut model. The distortion in 
the temperature of other regions of the 
model is even less pronounced. 

This experimental verification was 
carried out in two ways. (a) Comparing 
the temperature fields of wedge models 
with different angles « heated under 
otherwise identical conditions. (b) Com- *°°)36 
parison of temperature fields of wedge 
models with a = 14 to 15 deg. heated *°° 
with different screens placed parallel with 
the flat surfaces of the wedge. 

A great merit of the model is the con- 
siderable duration of the heating process, 
rising with the square of the linear scale. 
For this reason the temperature field of 
the wedge model can be studied by 
means of thermocouples welded to the 
surfaces of the model, by means of temperature 
indicating paints and by the colour of surface 
oxidation films. Each indicating paint yields only one, 
two or three isothermals. However, by painting the 
model with several indicating paints and using those 
paints which have two or three transition temperatures, 
it is possible to obtain a fairly detailed picture of the 
complete temperature field. 

The method of wedge models can be successfully 
employed in studies of the influence of various factors 
on the temperature field in and around a welded spot. 
In particular, this method was used to find the radial 
distribution of temperature in the zone surrounding 
the contact area, and the amount of heat expended on 
the heating of this zone has been experimentally es- 
tablished. Analytically the following expression has 
been proposed by A. S. Gelman : 


Q: = 7/ Am ty (dr + 44/Am 04) 28 ¥mom(Ts,— 9) (A) 
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where dy core diameter of spot approximately equal 
to the diameter of the electrode contact 

surface ; 
1 fe temperature of the central zone at the 


moment of completion of heating ; 
@ = ambient temperature ; and 
t, = period of contact. 

The above expression is built on the assumption 
that the central zone of the metal within the cylinder 
determined by the diameter dy is heated to a uniform 
temperature. TJ,,, and the mean temperature in the 
annular zone of width 4 /a,, t, is equal to 0°25 T,, 
(Fig. 3a). This is the simplified representation of the 
true distribution of temperature shown in Fig. 3b. 

Wedge models of steel yield experimental data 
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Fig. 3. 'emperature distributions in and around spot weld. 
1) simplified assumption, (b) true distribution. 
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Fig. 4. Radial temperature distribution found in wedge 
models. 
(a) 10 to 1 steel model ; (b) 10 to 1 steel model; (c) 10 to 1 alu- 
minium model. 






































(Figs. 4a and 4b) in the form of temperature distribution 
curves along the r-axis for the planes z = 0 and z = 6. 
These results could be used to calculate the amount 
of heat expended on heating the annular zone outside 
the central column. 

Comparison of experimental values with those 
obtained from eq. (4) shows that the simplified analysis 
gives somewhat excessive values of Q,. The dis- 
crepancy increases with the length of heating and with 
an increase in the ratio d,/5. This fact can be explained 
by the simplifications adopted in the derivation of eq. 
(4). This formula takes account only of heat conduction 
expressed by the factor \/ a ¢ but does not take account 
of the sources of heat within the annular zone itself. 
At small values of d,/5 and short periods of heating, the 
part played by its own sources of heat in the heating 
of the annular zone increases. 

Analogous discrepancies between analytical and 
experimental data are found in tests with models of 
aluminium alloy. However, tests with these materials 
do not give as clear a picture as those with steel mentioned 
above, because aluminium models have, in most cases, 
been heated to temperatures much lower than their 
fusion point. 

A better correlation between analysis and experiment 
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could be obtained if the factor \/a» t, in eq. (4) were 
modified. Considering that the external zone of heating 
has a larger volume at a lower temperature, it is possible 
to introduce a refinement into eq. (4) : 


Q.=7V/Gm ty (dr+8/3X Vamty) 28 ¥m om (Tsp —9) (5) 


Table I shows that eq. (5) gives better agreement with 
experimental results than does eq. (4). 

It must be emphasised that the heating of the models 
was not extended to a point where fusion took place. 
In a real welding spot there is a stage in the heating 
during which the latent heat of fusion is stored. During 
this interval, the mean temperature of the central 
column of metal hardly changes and the mean tem- 
perature of the surrounding annular zone increases. 
Since the latent heat of fusion of low carbon steel 
corresponds to a temperature increase of solid steel by 
400 °C, it can be assumed that the interval during 
which a liquid phase is formed constitutes an important 
part (nearly 25 per cent) of the total duration of the 
heating stage. Correspondingly, the analytical value of 
Q., which takes into account the fusion interval as well, 
must be somewhat above the experimental value ob- 
tained on wedge models. The results of model tests, 
however, show that eq. (5) is valid in practical compu- 
tations. 

Experimental results (Fig. 4 and Table I) show up 
two peculiarities of heating in spot welding. 

(1) The temperature of the annular zone adjacent 


CZECHOSLOVAKIA 


TABLE I. COMPARISON OF ANALYTICAL VALUES OF Q2 WITH THOSE 
OBTAINED FROM WEDGE MODEL EXPERIMENTS. 





| Experimental conditions 








, Duration of | | No. of | 

Metal heating [sec] | d-/5 | sheets | Eq. (4) Eq. (5) 
Steel 45 2 2 | 0-70 | 0-93 
99 45 5 2 | 0-55 | 0-68 
i 30 2 Zz | 0-70 0:93 
% 30 5 2 0-55 0:68 
ms ' 14 5 2 0:80 0-94 
x 6 2 | = 1-00 1-16 
me 6 4 H a 0-90 1-06 
” 6 2 | 1 0-90 1:06 
29 6 4 1 0:70 0-84 
Aluminium 6 25) 2 0:75 0:95 
29 5 S |. 2 0-65 0:84 

x 8 2°5 2 0-65 0-91 

es 6 } 2-5] 2 0°59 0-75 

ie 6 ; 5 | 2 | 0-49 | 0-62 

xi | 5 1 Sl 0:50 | 0-65 

ie | 3 | 5 2 | 0-57 | 0-71 


| 





to the core is not uniform through the thickness of the 
welded sheet. The distribution becomes uniform at a 
distance of 1 to 1:5 thicknesses from the core edge. 

(2) The temperature distribution in the annular 
zone remains practically constant when the ratio d, § 
is moderately varied (up to + 20 per cent). 

These peculiarities further support the use of eq. (5) 
in practical calculations, since in this equation the value 
of the mean temperature in the annular zone does not 
depend on the ratio d,/a. 


Some Methods of Observing Low-Voltage Arcs 


By B. Novotny. (From Elektrotechnicky Obzor, Vol. 4, No. 41, 1952, pp. 162-171, 22 illustrations.) 


THE observation of the movements of the contacts of a 
circuit breaker and of the body of the arc formed be- 
tween them can reveal much of value concerning the 
behaviour of the arc during the opening and closing of 
the circuit. On closing the circuit breaker, vibrations 
of the contacts usually occur which lead to increased 
contact wear, or if the current is excessive—owing 
either to the starting up of the machine or apparatus it 
controls, or to an excessive d.c. component—the 
vibrations may result in the fusing together of the 
contacts and failure of the breaker during a subsequent 
breaking operation. On opening a circuit breaker 
similar vibrations may occur, which may have the same 
consequences. In addition, the circuit may be re- 
established through contact bounce from the open 
position. 

Knowledge of the movement of the arc, on the 
other hand, is indispensable for the correct design of 
arc extinguishing chambers and for understanding the 
extinguishing process itself, especially as the arc move- 
ment is the most valuable characteristic of the behaviour 
of the arc in general. 

Various methods are known for recording the 
movement of contacts; all of these have, however, 
certain shortcomings, and it was to eliminate these that 
the method described in the following was developed. 
This method is based on the change in inductivity of a 
small coil by a moving iron core consisting of a small 
thin plate which is attached to the part of the breaker, 
the movement of which is to be recorded. 

The circuit diagram for recording the movement of 
the contacts is shown in Fig. 1, where L and R are, 
respectively, the inductance and the resistance of the 
measuring coil, C a smoothing condenser, and A a 
moving coil milliammeter. A source of direct current 
is connected to the terminals 1 and 2. The whole is 
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connected to an a.c. source of constant effective voltage 
e; ris an ohmic resistance, the terminals of which are 
connected to an oscillograph. The thin iron plate 
forming the moving core is shown in dotted lines; its 
movement follows exactly the movement x of the 
contact. 

If the voltage drop and the reverse currents in the 
rectifier are disregarded, the following formula can be 
used to describe the electrical conditions of the circuit :— 


e=Ri+dli/dt tri, .. ce (1) 
la = Te i te 
de di, 
1. = C— = Cr— 
dt dt 
di, 
je | = 2, Cr — i a (2) 
dt 


where 1, 7, and 7, are the currents in the measuring coil, 
in the resistance r and in the condenser C, respectively. 
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Fig. 1. Circuit diagram for 
recording the movement 0 
contacts. 





THE ENGINEERS’ DIGEST 








It can t 
express 


It c 
inducti 
poth fi 
for the 
said th 

Th 


the fac 
taneou 
the fol 


To 
unique 
plate > 


a con 
shape 
be co! 


rand 
rectifi 
sinus¢ 
the \ 


the sI 
never 


the 
this 
whe 
cur 
mot 
accr 
it i 
Th 


N¢ 





' Sp er re Ae ee hres me oem 


ES 
oS pe 


5) 
ue 











Itcan be shown that r 7, can be neglected and the above 
expressions can be transformed into 


aLi di dL 
e-Ri!—=Rt+—+i- .. (3) 
dt dt dt 


It can also be shown that it is possible to make the 
inductivity independent of the current i, provided that 
both frequency and voltage are maintained constant; 
for the mean value of L’ of the inductivity it can then be 
said that L’ = f(x). 

This can be applied to eq. (3) if account is taken of 
the fact that—L’ being a mean value and L an instan- 
taneous value—a certain error is thereby introduced; 
the following equation is then obtained :— 


di aL dx 
e=Ri+L—+i—— .. ae (4) 
dt dx dt 
To assure that the recording of the movement is 
uniquely defined and independent of the velocity of the 
plate, it is necessary that 


dL 

—v<R.. a is (5) 

dx 
a condition which in some measure determines the 
shape of the plate. Further, if the measurement is to 
be complete, it is necessary that 


di 
(=) 
dt / max 


Finally, the function of the rectifier, of the resistance 
rand of the capacity C must be considered. The rectifier 
rectifies the half-waves of the current i—assumed to be 
sinusoidal—as shown in Fig. 2. The current 7, follows 
the voltage on the terminals of the condenser, the 
charging and discharging current of which determines 
the shape of the current 7,; the peak value of 7, can 
never exceed that of 7. 


=> | (Rt) max | oe (6) 














Fig. 2. Shape of currents flowing in resistance and 
condenser of the circuit shown in Fig. 1. 


It can be shown that the exact form of 7, and 7, can 
be calculated from the following equations :— 


ah. [= (wt—¢) 2 Crw x eC 
aa 


Vt Gary 





] (7) 
[1+ (Crw)?] (1 —e~ (Cro) 


ig =im [ sin wt — $ sin (wt — 2¢) 


2Crw x e7 (Cn 
Hy ] .. (8) 
[1 +-(Crw)?](1 — e~7/(Cro)) 


Where 7, is the peak value, and w the frequency of i. 


As, by means of the current i, only mean values of 
the inductivity are measured, it is permissible to rectify 
this current and to smooth it through the condenser, 
Whereby it acquires the form shown in Fig. 2. If the 
current is to be traced by means of an oscillograph, and 
More particularly a cathode-ray oscillograph which 
accurately follows the corresponding voltage fluctuation, 
It is desirable that it should be as smooth as possible. 
his means that for a fixed frequency the largest pos- 
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sible capacity, or for a fixed capacity the highest 
frequency must be chosen. The second condition for 
accurate recording requires that any sudden change of 
inductance resulting from a sudden movement of the 
contact should be followed by an equally sudden change 
of the current 7,. However, a certain time lag is caused 
by the condenser, the capacity of which, therefore, must 
be such that the consequent error is within the required 
limits. It is calculated from the formula 7 = Cr, 
where 7 is the time constant of the condenser discharge 
and approximately equals the permissible time lag. 
To comply with the condition regarding the smooth- 
ness of the current 7 the frequency of the source of 
supply can be calculated from the following equation :— 


a 
f= ee re a (9) 
32° + 
where 7, representing the amplitude of the superim- 
posed ripples as a fraction of the peak value of the 
current, should not be more than 0°01. 

The following practical example will illustrate the 
method described. Our apparatus is to be designed for 
the recording of the movement of a contact with a 
maximum travel of 15 mm, and a maximum speed of 
not more than 10 metres/sec. The available source of 
H.F. current is a voice frequency generator, with a 
maximum generating voltage of 50 V and a maximum 
frequency of 20 kcps. The measuring voltage at the 
electrodes of the oscillograph should be of the order of 
0°1 to 0:2 V. The maximum permissible delay is 0°5 
millisecond. 

As it is undesirable to overload the voice frequency 
generator, 7, is chosen at 1 to 2 mA; from this r is 
calculated : 


r (0'001 to 0:22) A = 0'1 to 0-2 V. 
Introducing r = 100 2 into the equation 7 = Cr we 
obtain 0:0005 sec. = C x 100 2 

C=5 x 10*F = 54F 
2 








From eq. (9) f = = 13500 cps 


3 7? x 0:01 0:0005 
where the relative amplitude of the ripples is taken as 
1 per cent. For a measuging current of about 2 mA, the 
minimum inductivity is 
e 50 
L= = = 0295 H. 

2afi 22x 13500 x 0:002 
For a travel of 1 cm the current may decrease to 50 per 
cent, so that according to eq. (5) 


0:295 H 





1000 cm/sec < R 
1 cm 


R> 295 2 


Consequently, it is convenient to choose the coil 
from a 2000 2 telephone receiver. This has a resistance 
of about 1150 Qand an inductance of 0°075H. The 
current is reduced to 2mA either by reducing the 
generator voltage or by inserting a small steel plate. 
Actually, this will be unnecessary, as the efficiency of 
copper oxide is low at low voltages and a considerable 
part of the current will be absorbed as reverse current. 
Similarly, the shape of the plate and the calibration 
chart have to be determined empirically, Fig. 3. How- 
ever, this will introduce no serious errors, as might be 
the case if the resistance r, the capacity C, the frequency 
fy the inductance L and the resistance R of the coil had 
not been properly calculated. Every inductance com- 
plies with the following expression :— 

R 295 
L> => 


———_ = 00035 
w 227 xX 13500 
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From this it will be seen that the choice of the resistance 
R and the inductance L is only little restricted. The 
apparatus in question will consist of the telephone re- 
ceiver coil already mentioned (1150 2, 0°075H), 4 
copper oxide rectifiers of, for instance 35 mm dia., in 
the usual bridge connection, and a resistance r = 100 2 
with a condenser of 5F connected in parallel. Ter- 
minals 1 and 2 will be connected to a generator of 
135 keps. For calibration, a milliammeter reading will 
be taken for various positions x of the contact and 
plotted on a graph as shown in Fig. 3. 
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Fig. 3. Calibration charts for three differently shaped 
plates, made of transformer sheet 0:35 mm thick. 
e=40V,f 80 Q. 


By appropriately shaping the moving plate, a linear 
characteristic can be obtained within a certain range. 
The cut-off part of the plate should, however, be 
replaced by a non-magnetic material to ensure that the 
plate is properly guided in the coil. Fig. 4 is a redrawn 
oscillogram recorded by this arrangement, showing the 
interruption of one phase of a 3-phase current of 27 A, 
360 V, and cos m = 0°3 by a 3-phase breaker of 15 A 
nominal rating. 

The first line represents the current, the second the 
contact voltage, the third the timing impulses, the 
fourth the current in the actuating coil of the breaker 
and the fifth the contact travel. The lowest part of this 
latter curve corresponds to the condition when the two 
contact pieces solidly press®on one another. In the 
region between the lowest part of this curve and the 
horizontal line half-way up electrical conductivity 
between the two contacts still exists. It is only in the 
region above this line that the two contacts separate to 
reach their farthest position represented by the highest 
part of the curve. However, as Fig. 4 shows, the con- 
tacts do not remain stationary after reaching their 
extreme positions, but rebound from the stop. This 
rebound is so strong that physical contact between the 
two metal parts is re-established. This is shown by the 
curve falling below the horizontal line. After once more 
returning to the ‘“‘ open” position, the contact again 
rebounds, without, however, again establishing physical 
contact. 

Fig. 4 also shows that a few milliseconds after the 
contact was first broken, the full line voltage appeared 
on the contacts. However, due to the sudden re- 
establishing of the contact in an environment already 
hot as a result of the preceding interruption, and due 
also to the reduced contact speed, on the second inter- 
ruption an arc was established which lasted for 20 
milliseconds. The re-establishment of contact con- 
siderably reduces the life of the contacts themselves, 
and it is for this reason that the study of contact travel 
is of very considerable importance for current technical 
practice. 

This is even more emphasised in Fig. 5, which is a 
record of the operation of the same breaker, this time, 
however, interrupting a current of 500 A at 360 V, and 
a power factor of 0°3. With the exception of the scale 


15 kcps, R 1150 0,.C = 0,r 
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Fig. 4. Oscillogram of the interruption of one phase of a 
three-phase current of 27 A at 360 V, and a power factor of 
0-3, by a three-phase breaker of 15 A nominal rating. 

















































































































Fig. 5. Oscillogram of the interruption of one phase of a 
three-phase current of 500A at V, and a power factor 
of 0-3, by a three-phase breaker of 15 A nominal rating. 
of the current oscillogram, Figs. 4 and 5 are based on 
the same arrangement. It is again shown that on the 
first opening of the contacts, the current, although of 
considerable intensity, is efficiently interrupted. The 
full recovery voltage is shown on the contacts. Only 
following the subsequent re-establishment of contact, 
an arc was formed, and this could no longer be extin- 
guished. In this instance, it was therefore no longer a 
question merely of the rate of contact wear, but of the 
destruction of one entire apparatus due to prolonged 
short-circuiting. However, the record made of the 
contact travel showed that, to improve the design of the 
breaker, it was sufficient to dampen the bounce of the 

contact from its open position. 

The original article also gives a detailed account of 
the various known methods for photographic recording 
of the arc movement, such as employing a_ standard 
camera or a stroboscopic disc. Finally a high-speed 
camera is described, by means of which three-dimen- 
sional recording of the arc as well as of breaker details 
can be obtained. 
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By G. GETZLAFF. 





GERMANY 


The Behaviour of Rolling Bearings at Very High Running 
Speeds 


(From Konstruktion, Vol. 4, No. 9, 1952, pp. 280-288, 21 illustrations.) 


This article gives the results of an investigation of various types of rolling bearings tested at running 
speeds approaching 100,000 rpm. It also includes a study of the factors to be considered in the design 
of bearings for extra-high speed applications. 


THE development of small-size high-speed blowers and 
turbines, capable of a remarkably high performance and 
wsting only a fraction of the price of piston machines 
of similar power, was stimulated by aircraft require- 
ments. This trend is still in its initial stages, but these 
new machines are already finding a wide variety of 
applications, for instance as driving units for boiler 
auxiliaries, and as topping turbines in industrial heating 
plants, dairies, etc. 

Both plain and rolling bearings have been used in 
these high-speed turbine units, without showing a 
definite superiority of one type or the other. However, 
rolling bearings have the advantage of being able to 
operate with extremely small quantities of lubricant. 
This decreases the sealing difficulties and frequently 
results in a simpler arrangement. 


TEST EQUIPMENT 


The investigation of high-speed rolling bearings 
was made in two test rigs, in which the bearing to be 
tested was used at one end of a plain shaft supported 
in bearings at its two ends. Axial loads were applied 
by means of a spiral spring and spindle acting on a 
third ball bearing situated on the shaft. Temperature 
measurements were taken by means of thermocouples 
placed at four points on the outer ring of each bearing 
tested. 

The first rig was driven through a change-gear unit 
by means of an a.c. motor, the speed of which could be 
adjusted within certain limits. The second rig was 
driven by a compressed-air open-jet type turbine with 
infinitely variable speed capable of reaching close to 
100,000 rpm. Automatic switches, regulators and in- 
dicating devices made it possible to carry out long-time 


external forces is smaller, since the rated power is 
obtained with less torque at high speeds, and the 
internal loads become more important. The latter are 
mainly due to centrifugal forces on the cage and the 
rolling bodies and to sliding friction at high speeds. 
Both types of loads result in generation of heat, and it 
can be said that bearing temperature and cage wear 
are the primary factors for running speed and bearing 
life. Bearing failures at high running speeds usually 
occur approximately as follows: during running, the 
eccentricity of the cage (corresponding to its running 
clearance) is increased as a result of wear. The bearing 
temperature is no longer stable, but rises at an in- 
creasing rate and causes local overheating. This re- 
duces the lubricating properties of the oil and results 
in a complete breakdown of the bearing. In some cases, 
when the bearing is working near the limit of its 
thermal loading capacity, a breakdown can also be 
initiated by an additional generation of heat due to 
external factors, for instance, a decrease in oil flow or 
an increased power output of the machine. 

Having thus outlined the differences in the types of 
loading, the main factors affecting high-speed bearings 
will now be considered in detail. 


MAIN OPERATING FACTORS FOR 
HIGH-SPEED BEARINGS 
Quantity of lubricant: Temperature stability can 
be regarded as the basic criterion for bearing loading 
at extreme running speeds. By varying the supply of 
lubricant, the bearing temperature can be altered con- 
siderably. Fig. 1 shows that by increasing the quantity 
of lubricant supplied, the bearing temperature is de- 







































































tests under constant conditions without manual adjust- ai 
ment during operation. 

The information presented here is derived from tests 120 
of Series 62 light-load radial deep-groove ball bearings oY | 
for shaft diameters of 10-35 mm) and Series NL35 \ \ 
radial cylindrical type light-load roller bearings (for No % 
shafts of 35 mm diameter) at speeds varying from 20,000 & i 
to 70,000 rpm. 100 PR—-\ \ 

DIFFERENT LOADING CONDITIONS OF 2 \ N 

NORMAL AND HIGH-SPEED BEARINGS. z 90 ‘. +2 

The loading conditions of normal and high-speed - ~ 8 PO9 
bearings are considerably different. ‘‘ Normal bearings ” = N3 Xe) Ss Qo.” 
are designed for minimum friction at relatively low 3 80 $ A | 
speeds with fairly high external loads. The primary $ “Ne 45 
factor is the external load and bearing failures are 3 ° — * 33 <%o » =| 
generally traceable to materials fatigue due to flaking. E ” ~~ oS ‘P09 ~ *"$0hq 
On the basis of large series of tests, the size and type « NP 8200 | Y 
of bearing to be selected is determined from charts or $ 60 ~~ 2-45 —~ 
formulae giving a relationship between bearing life and e tN. P S800 | 
the specific load considered. The following data, for + | —— 
instance, are reproduced from Jiirgensmeyer’s curves 50 |_ F355 
for normal-speed bearings :— = tis 
Bearing | Bearing 40 — | 

type | _ load 3500 3000 2000 1500 1000 600 400 kg “6.905 
“1408” Shaft revs. 0-05 0-05 0:08 0-1 0-25 0:77 3-8 x 109 30 221,000 
“ggg | | — ° 4 8 12 16 20 

ae a oe oe ee ee OIL QUANTITY [litres/he] 
“1403 » ee - : Fig. 1. Relation between bearing temperature and oil 
“asca* psig sien a oe pe ee — pa for a deep groove ball bearing No_6202(15 mm dia.). 


In high-speed applications, the bearing load due to 
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Radial clearance approx. 20; radial load P,; = 0-4 kg; axial 
load Pa = 4 kg. Brass cage —_ by inner ring. Indirect air 
cooling. 
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creased along a curve tending asymptotically towards 
room temperature. The reverse effect, i.e., a temperature 
rise following a reduction in oil supply, is not true in 
all cases. It was found that, when very small quantities 
of lubricant are used, an appreciable decrease in tem- 
perature can sometimes be obtained. Thus, the bearing 
may run at the same temperature with two different 
rates of oil flow, one of which may be 100 times greater 
than the other. 

This feature is particularly important in applications 
where a highly effective oil sealing is essential. It 
would seem that, with minimum quantities of lubricant, 
the heat generated by hydrodynamic friction (eddy 
formation) is so small that the bearing temperature is 
then mainly governed by rolling and sliding friction. 
This falling-off in temperature is more difficult to 
obtain with small radial clearances and when the 
bearing is used at high temperature levels. 

It was found that, under similar conditions as re- 
gards clearance, load and running speed, roller bearings 
show somewhat lower temperature rises than deep 
groove ball bearings of the same size. 

Running speed: It was generally found that the 
temperature increase with running speed follows a 
linear law when the supply of lubricant is maintained 
constant. The lines become steeper with higher loads 
and larger inner diameters. The slope of the lines can 
be reduced by means of additional cooling which im- 
proves the heat-dissipating conditions. 

Axial load: An additional axial load produces a 
corresponding increment in temperature in deep groove 
ball bearings. This is due to the increased deformation 
of the rolling bodies and the increased work of the cage 
in guiding the bearing balls. The effect is fairly small, 
but is greater if the initial bearing load is already high. 
It can be said, therefore, that bearings are relatively 
insensitive to temporary overloads. 

A small unidirectional axial load has a favourable 
effect on high-speed bearings, since it tends to give 
more stable running conditions by damping out 
spurious impacts and vibrations. It is a known fact 
that blower ‘‘ pumping” under unstable conditions 
can cause bearing failures. In the present tests, it was 
found that the no-load tests gave the greatest scatter 
in the results. 

Bearing clearance: Radial clearance has an extremely 
great influence on the thermal loading of bearings, 
whereas axial and angular clearance alterations showed 
no visible effects. The latter factors were therefore 
disregarded. In general, it may be said that the greater 
the radial clearance, the lower the bearing temperature, 
under otherwise constant conditions. 

It is useful to make the following distinctions in 
regard to bearing clearances :— 


1. Manufacturing clearance: This is the clearance 
before the bearing is fitted, and in the condition in 
which it is supplied by the makers. 

2. Fitting clearance: This is the clearance after fitting, 
taking account of changes in shape due to fitting. 

3. Running clearance: This is the effective clearance 
obtained under stable operating conditions after a 
running-in period. 

All the radial clearance values indicated in this investi- 

gation are fitting clearances. Fig. 2 illustrates the con- 

siderable influence of radial clearance on high-speed 
bearings. With the NL35 type roller bearings referred 
to in this figure, a temperature variation of more than 

35° C was obtained by altering the clearance from 20 

to 30 microns. Bearings with a fitting clearance greater 

than 20 microns heat up much less than those with 
smaller values, which are more sensitive to thermal 
expansion and other influences, such as sideways 
titling of the rollers and cage recentring action. In 
deep groove ball bearings the influence of radial clearance 
is less marked. Running-in changes were not observed. 
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Fig. 2. Effect of radial fitting clearance on bearing 
temperature. 
Roller bearing No. NL35 ; speed 21,000 rpm, radial loed approx 
2:4 kg; very low viscosity oil. 


Even after nearly 1500 hours’ running at speeds around 
30,000 rpm, no measurable increases in clearance as a 
result of wear were found on the balls and races. Only 
the cage clearance was somewhat greater. The influence 
of the type of fit on bearing clearance will be considered 
in a later section. 

Type and temperature of lubricant: The viscosity 
of the lubricant is an important factor. Viscous oils 
result in high bearing temperatures. Even with ex- 
tremely small quantities of lubricant supplied, a very 
low viscosity oil will give superior results, in spite of 
the fact that in this case the amount of heat generated 
mainly depends on sliding and rolling friction. Tests 
on an NL35 roller bearing showed that (a) bearing 
temperature increases approximately as the square root 
of the viscosity value in poises, and (b) the temperature 
rises with reduced oil flow but again follows the same 
type of curve as a function of viscosity. Although oil 
viscosities decrease hyperbolically with increasing tem- 
perature, the temperature variation due to the use of 
lubricants of different viscosity was clearly noticeable 
with an oil inlet temperature of 80°C. High oil inlet 
temperatures result in correspondingly high bearing 
temperatures, since the temperature difference available 
for cooling is smaller. This effect of inlet temperature 
is less marked with small quantities of lubricant and 
was no longer apparent for quantities below 2 litres 
per hour. 

Tests with grease lubrication were also carried out, 
and gave satisfactory performance in the lower range 
of running speeds. According to Bussien, a 16101 type 
bearing (12 mm diameter) had run over 180 hours at 
70,000 rpm with grease lubrication, the temperature 
rising gradually, after the first 10-12 hours, from 
about 50° to 60° C, with an axial load of 4 kg. The 
present tests showed that more favourable conditions 
for sealing and maintenance can be obtained with 
grease packing than with oil lubrication, provided that 
the grease used has a flat viscosity curve and that its 
dropping point is not too low, i.e., not less than about 
120°C. It should also be sufficiently soft at low tem- 
peratures. The possibilities of silicones for the lubri- 
cation of high-speed bearings are still unexplored and 
their nearly constant viscosity properties may conceivably 
lead to interesting results. 

Lubricating system: The oil feed arrangement must 
be designed to ensure that the lubricant effectively 
reaches the surfaces requiring lubrication. At high 
rotational speeds, powerful air eddies are generated by 
the cage and the rolling bodies. These air eddies have 
a repelling effect on the oil spray projected on the 
bearing and prevent adequate lubrication. Their action 
is sometimes so effective that bearing failures inside 
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lubricating sump can occur, the cause of which cannot 
be subsequently detected. 

Provided that the lubricant actually reaches the 
bearing surfaces, the type of oil feed arrangement used 
has little influence on bearing temperature. This was 
proved by comparative tests of four different bearing 
designs shown in Fig. 3, which incorporated the fol- 
lowing lubricating arrangements :— 

Bearing (a) : spray nozzle in gap between outer ring 

and cage ; 


Bearing (b): oil hole in race of outer ring ; 
Bearing (c) : two oil holes in inner ring ; 
Bearing (d): two oil holes in inner ring and one in 


outer ring ; 
oil mist lubrication by means of a small 


Bearing (e) : 
vane-wheel. 
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(a) 
Fig. 3. Various types of lubricating systems tested on a bearing No. 6207 (35 mm dia.). 
(a) spray nozzle ; (6) hole in outer ring; (c) holes in inner ring ; (d) holes in inner and outer ring ; (e) vane-wheel type. 


These No. 7207 bearings (35 mm diameter) with a 
fitting clearance of approximately 17 microns were 
tested at 21,000 rpm with oil supplies of 0-75 litre/hr 
and axial loads of 4 kg and 120 kg. The bearing tem- 
peratures were approximately equal, for all test 
conditions, for bearings (a) to (d). The best results 
were obtained with the arrangement of bearing (e), 
which gives a finer and better distribution and permits 
transverse ventilation of the bearing. 

Spray nozzles arranged as indicated in bearing (a) 
were found very unreliable in operation. For small 
quantities of lubricant, very small nozzle holes are re- 
quired, which can easily be blocked. Delivery at a con- 
stant pressure is considerably affected by temperature. 
Starting conditions are extremely uncertain and with a 
cold viscous oil even a high pressure may not be suffi- 
a to obtain a satisfactory flow through the nozzle 
oles. 

Oil holes in the annular races gave satisfactory 
results. However, in the arrangements (c) and (d), the 
groove f in the shaft can be blocked up by heavy dirt 
particles thrown out of the oil by centrifugal force. 
The use of these complicated designs is justified only 
for special applications. 

_ The most favourable overall results were obtained 
with oil mist lubrication, which is being increasingly 
used in many applications. Oil mists are always present 
near meshing positions of lubricated gear teeth, and it is 
only necessary to ensure that there is an "adequate 
transverse flow through the bearings. 

In turbines, an accurate metering of the quantity of 
lubricant supplied is necessary, and various devices are 
used for this purpose, such as wicks, porous walls in 
combination with compressed-air cushions, etc. A 
3-mm felt wick, for instance, supplied 20 cm* of 
lubricant per hour and this was converted into an oil 
mist by means of a small vane-wheel with vanes similar 
to those of a radial blower. The slight excess in pressure 
generated on one side of the vane-wheel provides for 
the axial flow of the oil through the bearing. This 
disc and vane-wheel arrangement can also be used as a 
sealing system against oil mist where fully-effective 
Sealing is required, as in the food-processing industry 
NOVEMBER, 
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and in air conditioning equipment. The oils used for 
mist lubrication must have a high ageing resistance 
and, furthermore, the lubrication requirements under 
starting conditions must not be overlooked. 

Cage material and bearing design: Comparative 
tests were made of three identically-designed deep groove 
ball bearings with cages of the following materials : 
(a) ‘“‘Bondur” aluminium alloy, (b) brass, and (c) 
specially-treated wood. Typical results are given in 
Fig. 4, for two load values (120 kg and 4 kg), with the 
measured bearing temperatures plotted against the 
thermal conductivities of the materials. 

The most favourable results were obtained with the 
aluminium alloy cage, despite the fact that this bearing 
had a somewhat smaller radial clearance than the other 
bearings. Its curves of temperature against quantity 
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of lubricant also give the lowest values. At high loads, 
the wooden cage shows definitely inferior thermal 
properties, owing to the greater deformations and the 
insulating effects of wood. 
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Fig. 4. Influence of cage material on bearing temperature. 


All cages of solid metal, guided by inner ring. Radial load 
P, — 2:4 kg; speed: 21,000 rpm; oil supplied: Q 
litre/hr. 

Fig. 5 gives a comparison of a self-aligning bearing 
No. 1207 with a solid brass self-centring cage and a 
No. 6207 deep-groove bearing having a cage made of 
solid brass, and guided by the inner ring. The self- 
aligning bearing, in spite of its slightly greater clearance, 
reaches the higher temperatures, because of its less 
favourable cage centring and 2-8 times greater number 
of rolling bodies. At increased loads, however, the 
temperature difference is much smaller, as a result of 
smaller deformations with the larger number of balls 
and better lubricating conditions as regards rubbing. 

A considerable amount of information can be gained 
by testing cages of various types. It would be interes- 
ting, for instance, to compare bearings of Series 160 
and,60X, which have much lower cage sliding velocities 
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Fig. 5. Influence of bearing design on bearing temperature. 
a = 6207 bearing (35 mm dia.), solid brass cage, guided by inner 
ring; 5 = 1207 bearing (35 mm dia.), solid self-aligning brass 
cage. Speed: 21,000 rpm; radial load P; = 2:4 kg; axial loads 
Pq = 4kg and 120 kg. 
while the heat-dissipating surfaces are not correspon- 
dingly reduced. The frictional conditions and the 
relative degree of contact (defined as the ratio: track 
radius to ball bearing radius) are also important. 
Fitting tolerances: The choice of correct fitting 
tolerances is decisive as regards smooth running con- 
ditions and bearing life of high-speed bearings, since, 
as previously stated, the clearances have a considerable 
effect on the thermal load. On the basis of the tests 
carried out, it is recommended that the radial fitting 
clerances should not be less than the values given in 
the following table. 


MINIMUM VALUES FOR RADIAL FITTING CLEARANCE. 


Roller 
bearings 
35 mm 


30 gu 





Bore 10 mm 20 mm 35 mm 





Clearance 15 u 20 u 30 uw 





These values are valid for bearings completely assembled 
and fitted. It should be noted that the nominal 
clearances quoted by the bearing makers can be re- 
duced by the following factors during assembly and 
operation :— 

(a) widening of the inner ring due to oversize shaft ; 

(b) distortion of the outer ring if this is slightly oversize 
relative to the inner diameter of the housing ; 

(c) changes in shape and length during operation, as a 
result of unequal heating of components (for 
instance, in gas turbines) ; 

(d) widening of the inner ring during running, caused 
by the action of centrifugal forces. 

A rule valid for all rolling 


for two types of bearings are shown in Fig. 6. The 
solid line, referring to a ball bearing No. 6207, 
shows that with a shaft interference of 10 microns 
the radial clearance is halved. The dotted lines 
obtained from measurements on two NL35 type 
roller bearings show less marked effects. These curves 
indicate that the reduction in clearance is approximately 
equal to 80 per cent of the shaft interference for NL35 
bearings, and even greater for 6207 type bearings, 
Similar results can be expected for other sizes of 
bearings. 

Normal rolling-contact bearings are unsuitable for 
very high speeds, their radial clearances being far too 
small. For 10 to 35 mm inner bearing diameters, for 
instance, Jiirgensmeyer gives directional constraint 
values of 4-18 microns, and for these figures manufac- 
turing clearances of 20-50 microns are necessary. 

The fit to be provided for the inner ring depends 
on the magnitude of the external load and the ac- 
celerations. Generally, it is possible to use a looser fit 
than is usual at lower speeds. The lower interference 
limit can be determined by taking account of the 
widening (already referred to under (d) above) of the 
inner ring under the action of centrifugal forces (see 
Fig. 7). When this value is subtracted from the shaft 
diameter, the interference of the shaft must still be 
sufficient to prevent slipping of the ring. For this, 
values of 2-4 microns are sufficient, on the basis of 
experience with aero-engine blowers. 

It is necessary to relate bearing tolerances to the 
ISA specifications for rolling bearings. For instance, 
in the case of a No. 6204 bearing of 20 mm diameter, 
the requirements for the inner ring are nearest related 
to the fitting tolerances j5, j6 and k5. The k-group 
always ensures a solid fit but large oversize values may 
result in some cases. The j-group generally gives 
less powerful adhesion between inner ring and shaft, 
and when a maximum size for the inner ring coincides 
with a minimum diameter, the fit may be too slack. It 
is thus frequently necessary to take intermediate values. 
The ISA tolerances can be modified to apply to high- 
speed rolling-contact bearings. DIN 620 provides finer 
tolerances on the basis of an additional] two-figure ‘“‘ C” 
classification. This classification has been expanded 
by Mundt and the main features of this developed 
system are reproduced in the tables given below. The 
fit of the inner ring is determined by the designations 
C-1-0, C-2-0 and C-3-0. The inner tolerances are 
restricted by C10 to values in the middle of the 
tolerance range, while C20 restricts towards the re- 
jection size and C30 towards the acceptance size. 

To characterise the bearing clearance, an additional 
one-figure ‘‘C” classification was developed. This 
can be used either alone or in conjunction with the 
previous two-figure classification, which then becomes 
a three-figure system. 
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can be used for the other ring. 
Generally, the inner ring has a 





a 
° 


tight fit. The amount of inter- 
ference to be allowed for the 


8 





shaft and its effect on bearing 
clearance thus need to be con- 
sidered, in connection with the 


” 
° 


AN 
Se 
‘o 





OF FITTING CLEARANCE [%] » 


standard fits given in the ISA 
specifications. 
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WIDENING OF INNER RING [p] 
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The widening of the inner 
ring caused by an_ oversize 4 
shaft has by far the greatest 
effect in reducing bearing clear- 
ance, and curves indicating the 
order of magnitude of this effect 


Fig. 6. 
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OVERSIZE OF SHAFT [p] 


Effect of oversize shaft on radial 
fitting clearance of some bearings tested. 
(Numbers indicate radial fitting clearance in ,). 


12 16 20 
Fig. 7. Widening of the inner ring diameter 
of various sizes of bearings owing to high 
running speeds. 
(Based on data from ‘“ Hiitte,” Vol. 1, 27th ed., 
p. 733). 
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MUNDT’S TWO-FIGURE “‘ C 


”? CLASSIFICATION FOR ROLLING-CONTACT 
BEARINGS. 








First figure : 
No. SIZE ACCURACY 


Second figure : 


RUNNING ACCURACY 





Normal : 
Increased fitting accuracy 


0 
1 


2 Closer inner diameter toler- 


ances on the rejection side | 


3 | Closer inner diameter toler- 
ances on the acceptance side 

4 | Closer sleeve tolerances on the 
acceptance side 


5 | Closer sleeve tolerance on the | 


rejection side 


Normal 


| Increased running accuracy 


of inner ring 


Further increase in run- 
ning accuracy of inner 


ring 


Increased running accuracy 


of outer ring 


Further increase in run- 
ning accuracy of outer 


rin; 


ig 
Running accuracy as under 
1 and 3 





ADDITIONAL ONE-FIGURE ‘“‘ C ” CLASSIFICATION FOR BEARING 


CLEARANCE (AFTER MUNDT). 











Additional j 
figures Bearing clearance 
Cl smaller than C2 
C2 smaller than normal 
— normal 
cs greater than normal 
C4 greater than C3 
cs } greater than C4 
Examples : 6204/C3 = bearing with increased clearance. 
6204/C213 = bearing with closer inner diameter toler- 
ance on the ng caer side + increased running 


accuracy on inner ring + increased bearing clearance. 


The tolerance limits given above are also valid, with 
appropriate modifications, for the less frequent case of 
a solid fit required on the outer ring. The outer ring 
is More sensitive to seizure and distortion, so that with 
a solid inner ring fit, a looser fit for the casing inner 
diameter can be provided (corresponding to ISA fits 


H7, H6 or J6). 


The effects of temperature on clearance are so 
small that generally no extension of the classification 


will be required. 


If in accordance with Merkle it is 


assumed that the inner ring temperature is about 
30° Cc above that of the outer ring, this would give an 
additional linear expansion of 0-5 micron for the inner 
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f Power dissipated in bearings as a 
unction of quantity of lubricant and speed, for 
two 62-Series bearings. Very low viscosity oil. 


(Based on data from Getzlaff, v.d. Niill and Pfau). 
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ting. ‘Temperature effects become much more im- 
portant where the bearing is exposed to external heat 
ata high temperature level (as in exhaust gas turbines). 
It is then essential to avoid unequal temperature dis- 
tributions by means of special precautions in the design. 

The tolerances to be prescribed for shafts, casings 
and rolling bearings vary with each application and 
must be carefully considered. The fitting of ‘““C” 
class bearings signifies an appreciable increase in costs 
and prices and for this reason a compromise between 
the user’s requirements and the possibilities presented 
by the makers will be necessary in most cases. In 
extreme cases, some tests will always give the best 
answer. 


Operating temperature: The bearing temperatures 
indicated above are only qualitative values. According 
to the type of assembly, increased heat dissipation can 
be obtained by the use of light metal or by arranging 
the bearing in the vicinity of an air flow. In such cases, 
lower temperatures are obtained and the permissible 
running speeds can therefore be set correspondingly 
higher. The curves of temperature as a function of the 
quantity of lubricant are also somewhat flatter in 
such cases. 

Furthermore, if the heat gradient is reduced owing 
to high casing temperatures, the bearing will also be 
able to operate at a higher stable temperature value 
In the tests (see Fig. 8), it was found that the increase in 
bearing temperature is between 72 and 93 per cent of 
the temperature rise of the casing. In the diagram of 
temperature against oil quantity, the curve rises more 
steeply for high casing temperatures, and the reversal and 
falling-off with minimum lubrication is less marked or 
non-existent. 

The permissible temperature for long-time operation 
depends on the thermal behaviour of ‘the bearing 
materials and the lubricants used. The hardness of the 
bearing races starts decreasing gradually at temperatures 
above 160°C. As the temperature of the inner ring 
may be taken to be 30° C higher for high-speed bearings, 
it can be concluded that the temperature measured at 
the outer ring should be limited to approximately 
130°C. Higher values are permissible in the case of 
low bearing loads. 


+ Frictional power: Ap- 





to 


° 
rs) 


as proximate figures regarding 
ro the power dissipation of 
4 high-speed bearings are given 








Key in Fig. 9, for bearings of 
ee,7 types 6202 and 6207. The 








° 
oe 


yi sor sme r7)) curves show power dissipated 
N= 21,000 rpm as a function of the quantity 


iY, RS2-7kg of lubricant for various run- 





~“ 


4 . 

| Pre ning speeds and are based 

“aS on power measurements or 
Ch calculated from the measured 





oa 


Pr temperatures. 


jin COMPARISON OF 





w 


BEARING LOADS. 
4 Frequent use has_ been 








bh 





Sf ory 0200 made of a “speed factor ” 

r (15mm dia) in assessments of bearing 
loads of high-speed rolling 
bearings, both for comparison 
purposes and for extrapola- 





ut 








tions. This factor is defined as 
g=Nd,, 











where N is the 


running 
speed, in rpm, and = 

















0-5 (d + D) the mean bear- 





4 8 12 16 20 


ing diameter, in mm. For 
OIL QUANTITY [litres)tr] deep groove ball bearings 
with a guided bronze cage 





383 
















































g-values up to 900,000, and for special cages values as 
high as 2,000,000 have been indicated. The ‘“‘g¢” 
factor is based on the assumption that two bearings of 
the same basic design but of different size can both be 
run safely at running speeds determined by the 
speed factor. The calculation is: Nz = N; dini/dme. 

As bearing temperatures are extremely sensitive to 
a great many factors, it can be concluded that the 
speed factor is not a criterion which is applicable over 
wide ranges of values. Plots of outer ring temperature 
against shaft rpm for various quantities of lubricant 
show curves with different slopes for similarly-designed 
bearings of different diameters. The slope also varies 
somewhat with the external load, and other factors. 
Thus, it may be said that even a rough assessment on 
this basis is not attainable. It is hardly possible to 
apply test results of one bearing to another bearing of 
different diameter or design without taking account of 
the major factors, viz. clearance, lubrication, heat flow, 
load, geometrical and mechanical similarity. As a rule, 
a test will be the more rapid way of obtaining a reliable 
answer. 
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Broaching of Internal Gears 


By J. A. PSENKA. 


(From The Tool Engineer, Vol. 29, Nos. 1 and 2, July and August, 1952, pp. 41-44 and 46-48, 


60, respectively, 7 illustrations.) 


Broaching of internal gears on a high production basis exemplifies the close tolerances, good finishes and 
speedy metal removal possible with the broaching method, and further illustrates the saving possible in 
tool cost, machines, labour and floor space. 


PERFORMANCE of gears is rated on the basis of quietness 
and life under operating conditions. The gear tooth 
characteristics which must be controlled within very 
close tolerances are involute form, lead, spacing, size 
and concentricity. 


THE INVOLUTE FORM AND BROACH MANUFACTURE. 


Internal gears used either in automatic transmissions 
or in overdrive units for passenger cars have to run 
quietly, as consumer resistance to a noisy unit is strong. 
Most manufacturers stipulate a quality control tolerance 
of a maximum of 0-0003 in. on involute form. 

With such close limits on involute form on the parts, 
a problem of immediate importance is the duplication 
of the involute form on repetitive broaches. In order 
to appreciate this problem more fully, one has only to 
consider that the gauge maker’s tolerances on involute 
forms are normally 0-0002-0-0003 in. To produce 
parts within the 0-0003 in. tolerance, the broach be- 
comes, in effect, a super-gauge of 36 in. to 72 in. length, 

The duplication of broaches to a 0-0001 in. 
tolerance on involute forms is achieved through the 
close tying of manufacture and checking to the “ base 
circle ” (from which the involute form is generated). 

Master involute templates are first generated from 
the base circle on a special machine. Two reference 
holes, held very accurately for size and centre distance, 
are used as locating points in the involute generating 
machines. ~ 

After the master template has been inspected tor 
involute form, it is placed in the dressing mechanism 
in the spline grinding machine, using the reference 
holes for location. Diamonds, which dress the grinding 
wheels, are actuated in their involute sweep by the 
master template. 

The involute form is then ground on a dummy, 
which is inspected on a vertical involute checker using 
a base circle of the same size, from which the master 
template was checked. After approval of the dummy, 
the internal gear broach is rough, semi-finish and finish 
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ground. The broach is then inspected for involute 
form, using the same base circle for the check. 


THE INVOLUTE FORM AS PRODUCED BY A BROACH. 


To appreciate the magnitude of the task which an 
internal gear broach performs, the action of the broach 
must be fully understood. The broach will produce the 
gear by each succeeding tooth on it gradually increasing 
in diameter, from the root diameter of the gear to the 
outside diameter. Each tooth corner on the broach 
contributes some portion of the involute form; there 
are no side-cutting or full-form finishing teeth. The 
number of tooth corners on a single broach may be as 
high as 15000. 


THE INVOLUTE FORM AND DRIFT EFFECT ON HELICAL 
GEARS. 

The cutting corners on broaches for spur internal 
gears are in planes perpendicular to the axis of the 
broach, and the sides of the teeth are parallel to the 
axis of the broach. 

The cutting corners on broaches for helical internal 
gears are also in a plane perpendicular to the axis of 
the broach, but the sides of the teeth lie in a plane of 
the helix of the broach, as shown in Fig. 1. This 
causes the cutting corners of any tooth to be obtuse on 
one cutting edge and acute on the other. ; 

Because of the spiralling action of the helical 
broach as it moves through the gear blank, the part 1s 
driven against the obtuse side of the broach and away 
from the acute side. This results in a shortening of 
the desired involute form on the acute side of the tooth. 
This has been termed a “‘ drift condition,” as shown in 
Fig. 1, and continues until the tooth is of such depth 
that the bearing on the obtuse sides of the teeth retards 
this rotary drift. er 

To reduce or eliminate this highly objectionable 
loss of operating profile, several design changes were 
necessary. On pull-down broaching machines, parts 
were clamped, thus reducing the drift; on pull-up 
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machines, which are not easily adaptable to clamping 
fixtures, serrated thrust plates were added, giving 
satisfactory results. A final design of broach, as shown 
in Fig. 2, was made which generated a thin space with 
drift, but the second generating section was made 
0.050 in. high on the obtuse side in the same section as 
that in which the acute side was removing the drift. 
This eliminated the loss of involute profile. 





DESIGN TO ELIMINATE ROTATIONAL DRIFT SOU O80 





Fig. 2 


THE INVOLUTE FORM AND INSPECTION. 


Involute gears are checked for involute form by 
locating the gauge either on the pitch diameter or on 
the outside diameter of the part which is held con- 
centric with the pitch diameter. Direct pitch diameter 
location is preferable, as an involute check can be made 
immediately after broaching, without the necessity of 
further machine operations which may allow errors 
to creep into the check. 


THE INVOLUTE FORM AND FACE GRINDING BURRS. 


After the face-grinding operation on the broach, 
usually appreciable burrs are left on the sides of the 
cutting profile. However, the face-polishing operation, 
using a shellac wheel, removes enough metal to dislodge 
the burrs, 

Burrs also develop after face-sharpening of the 

broach subsequent to a production run. These burrs 
are removed by the first parts broached, but sometimes 
a many as 75 parts have to be machined before the 
burrs are completely removed. It was necessary, 
therefore, to develop an economical method of removing 
the burrs. 
_ The most practical method was found to be the 
oroaching of cast iron blanks without the use of a 
coolant. The abrasive action of two cast iron blanks 
was found to be sufficient. The greatest effectiveness 
of the use of the cast iron blanks was found to be when 
the broach was run through the blank three or four 
umes, and, if possible, indexing the blank slightly 
between re-broachings. 
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Other methods tried were the use of abrasive- 
impregnated rubber wheels, and broaching oversize 
cast iron pieces, rubbing the broaches from the back 
to the front of the broach, hoping to dislodge the 
burrs. Neither of these methods was effective. 

The question may arise as to why the broaches are 
not face-polished after grinding in the production gear 
plants. The answer is that the shellac wheels are so 
soft that only a highly skilled face-polishing operator 
can avoid rounding the cutting edge and the sides of 
the broach teeth. In plants where face polishing has 
been tried, the use of csst iron blanks for burr-removal 
has been found more satisfactory and economical. 

A larger burr is usually thrown on one side of the 
broach in the face-grinding operation because of the 
rotation of the wheel relative to the rotation of the 
broach. It is highly desirable, where the parts are 
unsymmetrical and can be assembled only in a set 
position, to grind the broach so that the face-grinding 
burrs are thrown on the coast-side of the gear teeth, 
for if some parts are produced outside the tolerances, 
the more objectionable side of the tooth will be the 
least used coast-side. 

On helical broaches, it is desirable to face-grind 
with the heavy burr on the obtuse side of the tooth for 
two reasons: (1) the burr is removed more quickly 
from the obtuse side because of the continual high 
pressure and scrubbing action against the obtuse side, 
as the broach spirals through the work ; and (2) because 
the movement of heat caused by the face-grinding 
operation should be into the obtuse corner, which can 
more readily dissipate the heat. If the grinding wheel 
were to become sufficiently loaded with the metal 
particles, the acute corner might be burned and would 
break down in a comparatively short time. 


LEAD AND THE BROACHING OPERATION—SPUR. 


Broaching of spur internal gears with the desired 
zero helix angle is dependent upon the alignment of the 
puller end and the follower mechanism of the broaching 
machine. 

The alignment is best checked by a master align- 
ment bar, which is of the same length as the broach 
and of constant diameter throughout its checking length, 
and the ends of which are a press fit in the puller and 
the follower locating hole. The bar simulates the move- 
ment of the broach, two dial gauges 90 deg. apart 
indicating any misalignment (Fig. 3). 


INDICATOR TO CHECK AXIAL 
ALIGNMENT AND LEAD 


INDICATOR TO SWEEP 


Another factor is the normality of the axis of the 
broach to the face of the fixture upon which the piece 
is located and the broaching force is taken. This is 
checked by the use of a close-fitting sleeve on the master 
alignment bar carrying a clock gauge which sweeps the 
locating face of the fixture. 
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Broaching of several narrow parts at one passage of 
the broach will result in an off-load condition if the 
parts are not processed with all locating faces parallel. 

Broaching of parts on a horizontal machine without 
full support of the broach in the follower mechanism 
until the last tooth is completely through the part will 
cause the broach to drop slightly when the major 
diameter finishing teeth are passing through the part, 
as the broaching force is zero at this point. It is therefore 
desirable to control the broach for alignment throughout 
its entire cycle by means of a rear follower support. 

Improperly supported parts which sag under the 
broaching load will cause a tapered tooth. To mini- 
mize sagging, fixtures are left soft (Rockwell C 35-40) 
around the opening through which the broach passes. 
This hole is bored slightly larger than the starting hole 
in the part, and the fixture is also broached. The 
broach and puller are provided with locating flats which 
ensure alignment of broach, puller and supporting teeth 
in the fixture during each broaching cycle. 


LEAD AND HELICAL INTERNAL GEARS. 


Prior to the broaching method of completely 
finishing internal gear teeth, one of the major problems 
in the production of helical gears with appreciable face 
width, where large batteries of gear shapers were used, 
was the non-uniformity of the leads. 

With 25 or 30 gear shapers generating the same 
internal gear, theoretically 25 or 30 different leads are 
produced, the off-lead condition varying with the 
original accuracy of the lead guide mechanism and the 
number of production cycles to which the lead guide 
has been subjected. The final shaving of gears on 
finishing machines then involves large corrections for 
the off-lead, appreciably reducing shaving cutter life. 


LEAD AND BROACH MANUFACTURE—HELICAL. 


The problem was to develop a metal-removing 
operation producing uniform leads. Broaching satis- 
fied this condition, for all the helical internal gear 
broaches were made from a master lead bar, and the 
broaching machine was equipped with lead bars having 
the same desired lead as the broaches. 

Broachine with a master lead bar consistently pro- 
duces helical internal gears with leads correct within 
a range of 0-0000 in. to 0-0003 in. average, with a 
variation of 0-0005 in. to 0-0007 in. maximum. 

In the manufacture of a helical broach, a master 
reference lead bar is first ground on a geared head type 
of helical spline grinder. This reference lead bar is 
carefully checked by moving the clock gauge axially by 
a calculated amount dependent on the angle through 
which the lead bar is rotated about its axis. 

Work lead bars are then ground from the master 
reference lead bar. The work lead bars actuate the 
broach as it passes under the grinding wheel, ensuring 
the desired leads. The master reference lead bar is 
stored in the lead bar ‘“‘ library” and is used only to 
produce work lead bars. After the finish spline grinding 
operation the broaches are inspected again for lead on 
a standard lead checker. 


LEAD AND THE BROACHING OPERATION—HELICAL. 


Broaching of helical internal gears with the desired 
helix angles requires proper aligning of the machine, 
fixture and broaches, together with proper preparation 
of the gear blank as outlined for internal spur gears. 

For helical gears, the master alignment bar for 
checking the broaching machine must be provided 
with a master helical checking groove ground from the 
master reference lead bar. This checking must be done 
after the machine puller and follower mechanism have 
been proved to be in alignment. 


SPACING AND MASTER INDEX PLATES. 


Accurate spacing of the teeth has a direct effect on 
the quietness of the gears. The greatest accuracy is 
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achieved by the broaching method, since broaches are 
spline ground, using a master index plate, the tooth- 
to-tooth error of which seldom exceeds 0-0001 in. As 
most broached internal gears are smaller than the index 
plates, the spacing errors are reduced in the ratio of the 
diameters. 


SIZE. 


Broach grinding tolerances are usually 0-0002 in, 
over pins, resulting in a broach tooth thickness control 
of approx. 0-0001 in., varying with the pressure angle. 
In the life of the broach, a part tooth thickness 
tolerance of less than 0-001 in. is easily maintained. 

If it becomes necessary to regrind broaches, thus 
reducing the tooth thickness, this can usually be done 
within the part tolerance for backlash. If further size 
reduction is necessary, the mating gear can easily be 
held to its low limit within very close tolerances, since 
it will undoubtedly be finished by the gear shaving 
process. 

Broaching internal gears of thin cross-section to a 
desired size usually calls for qualifying the o.d. of the 
blank, which is slip-fitted or lightly pressed into a 
retaining bushing. The bushing resists the expansion 
of the part due to radial broaching pressures and the 
heat generated during the cutting. 


CONCENTRICITY. 


Broached internal gears have a minimum of eccen- 
tricity since the broach is processed from its centres. 
Parts not normalized prior to broaching may be eccen- 
tric after broaching because of strains released during the 
broaching operation. 


COOLANTS, 


The two basic requirements of a coolant for internal 
gear broaching are that ample lubrication should be 
provided and that chip removal should be easy. In- 
sufficient lubrication may cause metal pick-up (loading 
or galling) on the sides of the broach-teeth, especially 
on the obtuse side of helical broaches. 

A ring type coolant pipe around the broach with 
§ in. holes drilled at a 45 deg. angle to provide a converg- 
ing flow of coolant will most effectively wash the chips 
off the broach. The coolant should not cause the chips 
to adhere to the cutting face of the broach. If such 
coolant is not used, brushing the chips from the broach, 
either by hand or by means of a wire brush ring 
becomes necessary. 


SAVINGS WITH THE BROACHING METHOD. 

The following example is given of the savings 
possible with the broaching method of internal gear 
production : 

A manufacturer of overdrive units was using 2 
single ram broaching machines, a battery of 28 gear 
shapers and 4 internal gear shaving machines to pro- 
duce 2000 units per day. A proposed increase in 
production to 5000 units would have necessitated the 
purchase of a further 28 gear shapers, 4 gear shaving 
machines and 1 dual puller broaching machine. 

The purchase of the additional machine tools was 
held up, pending the favourable outcome of an ex- 
perimental programme to determine whether the 
tolerances of 0:0003 in. on involute and 0:0005 in. on 
the lead of the helical internal gear could be held. | 

Eventually the production of 5000 units was realised 
with a slight excess capacity, using 2 dual puller roughing 
broaches and 3 small push broaching machines tor me 
finishing operation, as compared with 56 gear shapers 
and 8 gear shavers. 

The total savings, including that on floor space, 
labour, power, maintenance cost, machine parts and 
tool sharpening, amounted to $250,000 on 2,500,000 
gears produced by the broaching method during the 
past three years. 
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The Technology of Automatic Welding in the Soviet Union 


By J. MANNIN. 


In this contribution to his sertes of articles on Soviet mechanical technology the author presents in some 


detail a survey of automatic arc welding under granulated flux. 


This technique deserves particular 


attention on account of its great prominence and, we believe, its accomplishment in the Soviet Union. 


AuTOMATIC welding under flux, also known as the 
“submerged arc’ process, has been developed in the 
Soviet Union on a scale quite unknown outside that 
territory. It is one of the fields wherein Soviet tech- 
nology merits a close study by production engineers 
concerned with the application of welding, for it is in 
the application of automatic welding that the undisputed 
priority of Soviet developments lies. 

The origin of automatic welding is as hotly contested 
as most other important inventions, particularly those 
wherein a small and, after the event, seemingly obvious 
step has turned out to be of decisive and epoch- 
making importance. Russians may find some consola- 
tion in studying the history of the steam engine, the 
spinning jenny and the mechanical loom and learning 
that few acknowledged heroes of historical legend may 
stand up to a closer examination. 

Though we do not attach much importance to this 
duel over priority it is difficult to escape the noise of 
clashing swords. At one point the contest turned on 
the question of the existence of an arc under the 
molten flux. An official quotation introduces a note 
of, probably involuntary, humour. It seems that soon 
there will be youngsters in the U.S.S.R. who will get 
the following reply when they ask their granddad 
“what did you do in the Great War?” 

“In the years of the great patriotic war, the 
scientific research workers of the Institute for Electric 
Welding carried out a detailed experimental investi- 
gation of the welding process under flux and found 
that this welding process is a process in accordance 
with Slavyanov, and that an arc of Petrov burns under 
the flux. Thus, the Americans, covetous of foreign 
inventions, were soundly beaten.” 

This quotation, by no means torn out of its context, 
must be attributed to some official scribe, but the 
engineers who spent the war years in this pursuit 
knew very well what they were doing, for welding in 
general, and automatic welding in particular, was one 
of the major contributions to war production and there 
are few similarities between Russians and Americans 
more striking than their inclination to make immediate 
practical application of the results of research. Indeed, 
knowledge of the phenomena which take place below 
the cover of granulated flux and of the factors which in- 
fluence these phenomena is essential in order to continue 
improving the productive capacity of this new technique 
and to overcome its as yet numerous limitations. 

It may be well to recall the sequence of events 
which have urged its development. Basically it is the 
same urge as that which has led to the invention of 
high-speed tool steel in the closing years of the last 
century, which is everywhere promoting the introduction 
of carbide-tipped tools and which finds eloquent ex- 
pression in Russia today through the “high speed” 
label that is stuck on to whatever will hold it. When 
the “speed-men ” using machine tools turned their 
speed mentality to the cutting process, they found that 
with tipped tools they could turn cutting into high- 
speed cutting, provided more power could be put into 
the lathe or other machine tool. Welders, however, 
soon found that their attempt to introduce more power 
into the arc, in order to hasten its progress along the 
joint, resulted in wandering of the arc, splutter and 
splashing of the molten metal. They were faced with 
What seemed to be an absolute limitation upon the 
speed of advance. 

This limitation could be overcome by burying the 
arc under a heap of granulated flux. Submerging the 
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arc and covering the molten metal region in this fashion 
solves many other problems prominent in every type of 
fusion welding, such as chemical protection from the 
atmosphere ; submerging the arc also provides a 
medium which can be used, whenever necessary, as a 
reservoir for the enrichment of the seam with chemical 
components. Presumably, the early suggestions to 
use a granulated protective substance, whether by 
Russians or others, arose out of the search for 
chemical protection against the atmosphere. It was 
only natural that gaseous, liquid and _ granulated 
materials should be thought of, the first and the last of 
which have proved practicable, each in its proper 
sphere. It was later discovered that protection by 
granulated flux does much more than produce a pro- 
tective atmosphere ; it confines the arc and allows a 
rate of power release, which means a rate of fusion, 
quite undreamt of in any other arc process. 
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Fig. 1. 


First, for the benefit of uninitiated readers, let us 
briefly illustrate this form of automatic arc welding. 
Figure 1 shows an automatic welding head in semi- 
diagrammatic form. Its function is simply explained. 
Electrode wire enters the welding head and is propelled 
towards the welding region, where an arc burns be- 
tween the end of the wire and the welded component. 
The arc melts the wire and some metal around the 
welding joint and thus accomplishes the fusion of the 
joint when advancing along it at an appropriate speed. 
Granulated flux covers the seam at least a short distance 
ahead of the region of fusion and is prevented from 
leaking through the open seam by various forms of 
flux guards. The arc burns in a gas bubble between 
the molten metal pool and the molten flux. Flux slag 
is deposited over the welded seam. An excess of flux 
can be reclaimed by suction into the flux reservoir, 
whence it can again be fed to a point of discharge ahead 
of the welding arc. 

An extensive technology has grown from these 
basic facts. It includes the science of the welding pro- 
cess, equipment for performing the welding process, 
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machinery and installations needed for the application 
of automatic welding to a variety of welding operations 
and a system of rules and recommendations for the 
guidance of the practical welder. A survey of this large 
tield is best sub-divided into two main stages of develop- 
ment. After many years of preparatory work accom- 
panied by specialised applications in practice, a stage 
of relative standardisation was reached in 1947, when 
the large-scale use of automatic welding was firmly 
established in production, standard equipment of 
universal type was made available to industry and the 
automatic welding process was sufficiently understood 
to give a clear picture of the physical phenomena 
taking place ; the main relations between the variables 
of the welding process and the results in terms of the 
qualitites of the welding seam were also established. 
In this phase, the welding of all but the most difficult 
vertical and overhead seams in low carbon steels could 
be considered a straightforward application of tried 
production techniques. 

Subsequently, a new development phase began 
which is still continuing today. This period has 
yielded much additional knowledge, a number of solid 
successes, improvements in detail, and has included 
many promising experiments. Many recent advances 
will be mentioned individually under one of the headings 
below. It is not possible, however, to sum up the 
current degree of achievement in as clear a definition as 
that which applies to the situation in 1947, 

It is appropriate to open a review of that period with 
the main discoveries in the science of the automatic 
welding process. 

A timely discovery simplified the earliest types of 
welding head introduced into practical use. It is 
practicable to maintain a constant rate of feed of the 
electrode wire, and the complicated governing devices, 
controlled, for instance, by arc voltage, which were 
once thought necessary can be dispensed with. What- 
ever the merits of the Soviet claim to absolute priority, 
constant feed of the electrode wire was certainly put 
into practical use in the Soviet Union long before it 
appeared anywhere else. 

A property which distinguishes the electric arc 
burning under a cover of flux is its potentially high 
degree of stability, sometimes also described as its 
** self-regulating ” quality. This quality can be defined 
as a lack of sensitivity to the length of the gap between 
the electrode and the surface of the pool of molten 
metal. A stable arc allows an increase of the gap to a 
much larger value at a given setting (open-circuit 
voltage) of the supply than an unstable arc. In fact, 
the maximum possible length of arc is a good visible 
measure of arc stability. This stability depends mainly 
on the composition of the gas in the bubble surrounding 
the arc, which determines the ionisation potential of 
the system. 

The potential is mainly controlled by the component 
having a low individual potential. In other words, 
small admixtures of substances in the flux can help 
considerably in reducing the effective ionisation poten- 
tial and ensure a good stability of the arc. Stabilising 
agents are, of course, also used in the covering of 
coated electrodes for manual arc welding, but the 
enclosure of the arc, burning under the flux, ensures the 
effectiveness of the stabilising agents. Thus, a flux 
containing oxides of the alkaline earth group and 
particularly of the alkaline group, reduces considerably 
the effective potential of ionisation and ensures the 
stability of the arc burning. Fluxes most commonly 
used in automatic welding contain stabilising ingredients 
which are responsible for an increase of the maximum 
length of arc from 10 mm (open arc) to about 20 mm 
(arc under flux). 

Another property of the submerged arc process is its 
protective quality against atmospheric corrosion and, 
in particular, against the formation of oxides. Under 
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normal conditions, a sample analysis of the gas con- 
tent in the bubble which surrounds the arc gives the 
following percentage composition: 73-6 CO 0:9 CQ,: 
12:1 N and 13-4 H. Thus the molten metal is covered 
by a reducing atmosphere. 

The covered arc is also characterised by its thermal 
properties. Compared with the open arc, which has a 
temperature of about 2200°C, the submerged arc 
approaches the boiling point of iron (2,740° C). This 
partly explains the eftectiveness of the submerged arc 
in performing rapid fusion of the basic metal and the 
electrode material. However, arc stability and high 
temperature are conflicting requirements and a com- 
promise is needed. Another property of the submerged 
process is the thermal protection given to the metal by 
the molten flux. This is responsible for keeping the 
metal in the fused state for a longer period, and hence 
there is a larger volume of molten metal and a more 
thorough interchange of elements through chemical 
reactions in and around the welding pool. 

The basic parameters of the welding process are the 
welding current, the welding voltage, and the welding 
speed. It has been established that, at constant speed 
and voltage, the welding current has a decisive influence 
on the formation of the welding pool and the cross- 
section and position of the seam in relation to the basic 
thickness of the components. Increasing current, other 
things being equal, mainly has the effect of increasing 
the amount of metal fused in the process. This takes 
the form of an increase both in the depth of fusion, 
and the height of the metal deposited from the electrode. 
An increase of arc voltage at constant current can only 
be achieved by an increase in arc length and hence by 
raising the electrode. The proportion of heat energy 
spent on fusing the flux is increased and the active 
spot where the arc enters the surface of the molten pool 
wanders and causes an increase in the width of the seam 
and a decrease in its depth. For this reason no ad- 
vantage is generally gained by increasing the arc voltage, 
and usually the submerged arc works at the same voltage 
as an open arc. 

The speed of advance along the joint also determines 
the cross-section of the seam. At low speed the molten 
pool has a large volume and tends to spread in width 
rather than depth. Increasing the speed to 20 m/hr 
alters the appearance of the cross-section and its depth 
increases at the expense of its width. However, a 
further substantial increase of welding speed reduces 
the cross-sectional area and also increases the proportion 
of the parent metal in the seam which reaches 75 per 
cent at 80 m/hr. Beyond this speed, zones of defective 
fusion appear because of an excessive rate of cooling. 

The geometry of electrode and joint has a profound 
influence. The position of the electrode with regard to 
the surface of the component naturally determines the 
depth of fusion, provided the current is sufficient to 
maintain the gas bubble below the surface. A short 
distance between the end of the electrode and the 
surface of the parent metal is therefore vital for the 
achievement of a deep seam and the efficient applica- 
tion of electrical energy to the fusion of the parent 
metal. 

The diameter of the electrode at constant current 
determines the current density. A small diameter, and 
hence a high density, reduces the wandering of the 
active spot and thereby increases the depth of penetra- 
tion, other things being equal. 

Another geometric parameter is the inclination of 
the electrode to the seam in relation to the direction of 
advance. Electrodes can be positioned normal to the 
seam, or inclined forward or backward. Backward 
inclination has little influence on the resulting seam. 
Forward inclination causes a considerable part of the 
arc to spread along the surface of the parent metal. The 
forcing-out of fused metal by the arc is reduced, and the 
seam becomes shallow and wide. Thus, forward in- 
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clination has the same effect as an increase in arc length, 
but the proportion of the parent metal in the seam is 
reduced instead of being increased. 

The effect of an inclination of the electrode can be 
approximated by inclining the component in relation 
to the horizontal, whilst leaving the electrode in a 
position perpendicular to the seam. There is a sub- 
stantial difference between welding downward and up- 
ward. Downward, the fused metal runs with the arc 
and the seam becomes more shallow. The opposite 
happens when welding upward. 

The metallurgical processes which accompany 
fusion by the submerged arc are complex and a large 
number of chemical reactions have to be taken into 
account. In this context we can only mention some 
guiding principles. The main features of the submerged 
arc is that it is dependent upon closely controlled con- 
ditions, and the results can be predicted with con- 
siderable accuracy. As mentioned above, the time 
available for chemical reactions is considerably longer 
than that in manual welding, and is usually sufficient 
to attain equilibrium. Thus we can “ design” the 
composition of the seam by a suitable combination of 
the metal of the welded components, the composition 
of the electrode wire, and the ingredients of the flux. 

The flux, in contradistinction to the coating of 
electrodes used in welding with open arcs, does not 
require reducing agents, apart from silicon and man- 
ganese, aided by the carbon of the parent metal and the 
electrode. The function of the flux, therefore, apart 
from giving thermal and mechanical protection, is to 
preserve the chemical composition of the metal or even 
to enrich the seam with manganese and, occasionally, 
additional alloying elements. 

From these considerations the principal ingredients 
of the flux are slag-forming components, namely, silicon 
and manganese oxides, and sometimes lime, with ad- 
mixtures of substances to achieve a reduced viscosity 
in the molten state, to stabilise the arc and sometimes 
to provide alloying elements. The nature of the 
chemical reactions which take place during the fusion 
and solidification cycle is described in some detail in 
Soviet welding literature, and it appears that with the 
helo of numerical values which express the equilibrium 
parameters of the postulated reactions, it is possible, 
since the temverature of the cycle is known, to predict 
the comnosition of the seam and of the slag coating. 

On the other hand, the metallographic properties of 
the seam are not substantially different from those in 
manual welding with an open arc. 

The physical and metallurgical properties of the 
submerged arc process determine its qualities as a 
Production process. Soviet technicians measure the 
productivitv of a welding process by the quantity of 
metal fused per unit of time. This quantity depends 
on three factors, namelv, the fusion coefficient, the 
welding current and the utilisation factor. Whilst 
manual high-quality welding has a fusion coefficient of 
about 10 grams/Ah, a welding current of 100-400 A and 
a utilisation factor of about 0-7, automatic welding 
under flux has a welding current of 400-1500 A, a 
utilisation factor of 0-5, and a fusion coefficient of about 
14 grams/Ah, without filler wire, and 28 grams/Ah 
with filler wire. 

; However, this expression of productivitv does not 
indicate the full benefit of automatic welding, for it 
enables welding seams to be made which require less 
fused metal per unit of length. Thus, steel plate un 
to £ in. can be butt welded without clearance, and with 
4 smaller bevel at the edges. It is also claimed that the 
improved mechanical properties of the seam produced 
by automatic welding enable a reduction by 20 to 40 
Per cent in the cross-section of the seam. 

, € improved quality of the seam is, of course, in 
Itself a direct benefit of automatic welding. At the stage 
Of progress so far discussed. the main beneficial result 
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is that variations in chemical composition, metallo- 
graphic state, and depth of seam, as well as lack of 
fusion are avoided. 

Beyond the saving expressed by the rise in produc- 
tivity, economies are also achieved in the use of 
electrode wire, which are claimed to average 60 per cent 
as compared with manual open-arc welding. Moreover, 
an electric power saving of the order of 50 per cent is 

chieved directly by saving energy and indirectly by 
the benefits obtained from power factor improvement. 

Further advantages of automatic welding clearly 
result from the very fact of automatic control, involving 
a lower degree of skill required from the operator, and 
from increased productivity, by virtue of a reduction 
in floor space occupied by the total amount of equip- 
ment though, of course, the floor space per production 
unit is greatly increased. An incidental advantage is 
the elimination of the need for protection of the 
operators’ eyes. 

Having stated the properties of the arc and 
the production advantages resulting from it, we now 
turn to the equipment and materials needed to 
obtain these benefits. This equipment consists of 
welding heads, mechanisms for propelling them, elec- 
trical supply for the welding process and the auto- 
matic feeding and propelling mechanisms, welding 
machines, jigs and fixtures, which occupy the same place 
in relation to the welding arc as machine tools and 
associated jigs and fixtures occupy in relation to the 
cutting tool, basic standard materials for electrode wire 
and flux, and, finally, instruments for the checking and 
inspection of the weld seams produced. 

A welding head for automatic welding performs 
the following functions : 


(1) Supplies current to the electrode wire: 

(2) Strikes the arc at the beginning of welding. 

(3) Feeds electrode wire into the arc zone and main- 
tains the length of arc in the welding process. 

(4) Guides the electrode along the seam. 

(5) Straightens the electrode wire. 

(6) Regulates the overhang of the electrode. 

(7) Fills uo the crater at the end of the welding 
operation. 

(8) Interrupts the arc to finish welding. 


In principle, the classification of heads recognises 
two main types, namely, those with an electrode wire 
fed at a variable rate controlled by a property of the 
arc, and those with a constant rate of feed. Again, in 
principle, it was thought in the period discussed here 
that the principal criterion of a welding head mechanism 
was its ability to maintain the constancy of the power of 
the arc. An adenuate substitute was thought to be 
the maintenance of a constant arc voltage; the type 
of head with variable rate of feed controls the rate 
in accordance with deviations of arc voltage from a 
set value. In practice, the discovery that the constant 
rate type head gave perfectly adeauate results was, as 
mentioned above, one of the main facts which promoted 
the introduction of automatic welding. In short, we 
can confine ourselves to welding heads with a constant 
rate of feed. Such welding heads were developed by 
the Institute for Electric Welding of the Ukrainian 
Academv of Sciences, and the Central Research In- 
stitute for Transport Machinery in Moscow. Table I 
gives some of their main characteristics. In practice 
welding heads were mostly used in automatic welding 
units. Such a welding unit in addition to the functions 
of the head as enumerated above, also performs the 
following functions : 

(1) Provels itself along the joint. 

(2) Guides the electrode wire across the seam and 
above it wherever it is not in a single plane. 

(3) Carries out flux circulation. 

Usually an automatic welding unit, also called a 
tractor, (though the definition of a tractor in this 
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TABLE I. WELDING HEaDs. 





| Moscow I 


Moscow II | Ukraine I {Ukraine II 





Max. thickness for | 


single pass, in. 0-04-2-0 





Electrode dia., in. | 


0:24-0:24 |0:20-0-79|0-20-0-79 





Current, Amps.. | 600-3000 


300-1500 | 300-1000 








Rate of wire feed, 


fpm .. oe ee: : | 1:64-6:55 |1-64-4-92/0-98-6-55 





O.V. dimensions, | 








in. | 16RX 13x 98 | 133 x 30} x 40 | 
Weight, Ib | 35 330 | 





| 
| 
Driving ieee | | 


Watts . 55 250 | 





context is less comprehensive than that of an automatic 
welding machine, and does not require the inclusion 
of an installation for the circulation of flux or transverse 
and vertical guidance of the electrode wire) contains 
the reservoir for granulated flux, the bobbin for the 
electrode wire and control gear. 

Three types of automatic welders of Ukrainian 
origin were described in ‘‘ The Engineer’s Digest,” 
July, 1947. The period we are concerned with at this 
stage culminated in a set of standardised tractors of 
more advanced design, known as the T.C. Series, 
emanating from the same source. Their characteristics 
are given in Table II, which also contains some details 
of two tractors developed even later by the Moscow 
Institute of Transport Machinery. For details of de- 
sign, readers are referred to the July 1947 issue of 
‘* The Engineer’s Digest,’’ where the principal mechan- 
isms of this type of equipment were discussed. The 
Ukrainian tractors contain gear trains for adjustment 
of rate of feed, and use change gears and feed rollers of 
different diameters. The Moscow equipment em- 
bodies infinitely variable gears and also incorporates 
considerable freedom of displacement for the end of 
the electrode, since the welding head is hinge-mounted 
on the tractor carriage. 

Flux circulation systems work on compressed air 
which, through an ejector, creates a suction for the 
collection of flux after passage of the arc, and together 
with an additional quantity from the reservoir, deposits 
the collected flux under pressure, ahead of the welding 
zone. 
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An extensive range of welding machines has been 
developed in the Soviet Union for a variety of auto- 
matic welding operations. These are classified into the 
main groups of machines for linear motion, machines 
for circular motion, machines combining the two 
motions (for the welding of boiler drums and similar 
components) and, finally, machines for special curvi- 
linear motions. 

Longitudinal welding machines can have heads 
without automatic propulsion mounted on mechanically 
propelled carriages, or, alternatively, such machines 
can have a fixed welding head and a carriage for 
mounting the component. Finally, welding machines 
can have self-propelled welding tractors. Alternatively, 
welding machines exist with self-propelled heads or 
tractors, moving along a fixed or adjustable guide way. 
An example of a straight seam welding machine with a 
self-propelled carriage is shown in Fig. 2. 


TABLE II. WELDING TRACTORs. 





| Moscow I | Moscow II | Ukraine 


Thickness of metal for | | 
single pass, in. .. .. | 0-08-0-8 | 0:08-1:42 | 0:20-0:79 


Dia. of electrode wire, in. | 0:12-0:24 | 0-12-0-31 | 0-16-0-24 
Current, Amps - | 300-1300 300-2000 | 300-1200 
Welding speed, fph .. | 20-270 33-1080 | 72-144 
Weight, Ib es me 297 286 | 

| 144& 21g | 9 & 16% 























Track and wheelbase, in... 








| 

Max. throw of electrode, in. | 213 | 22} 
| 
| 


Flux capacity, Ib .. Pe, 26-31 22 22 


Wire capacity, Ib .. | 1826 | 1826 | 2 








Circumferential welding machines resemble large 
vertical lathes. An example of such a “ welding lathe ” 
with an inclined “ spindle ” axis is shown in Fig. 3. 
This represents a type of machine where the component 
is driven from the axis, and a considerable range of 
rotational speeds is required to maintain a peripheral 
speed in accordance with the requirements of automatic 
welding. A second type of machine for circular motion 
is that in which components are driven along the 
circumference by means of rollers. This type is 
illustrated in Fig. 4 in its embodiment for the welding 
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of large drums, both on the outside po nando ania 
and the inside, and also allowing the CIRCUMFERENTIAL SEAM 
welding of the longitudinal seam. 

The drives and mechanisms for 
these welding machines are straight- 
forward. Many details are borrowed 
from machine tool designs. Change 
gear arrangements and _ infinitely 
variable gears have been used. In 
many cases the welding machine re- 
quires only the provision of the proper 
support and guide: for a large com- 
ponent which has to be turned into 
various positions. 

Welding machines for the welding 
of curves other than the straight line 
and the circle are invariably special 
machines designed for each com- 
ponent. 

The electrical system of the auto- 
matic welding installation is no differ- 
ent, in principle, from the system 
provided for open arc manual welding. 
A.C. is used almost exclusively. 

_ The most common form of elec- 
ticity supply is a welding transformer 
with 4 separate choke in the secondary 
Circuit, similar to the supply for manual 
Open arc welding. AQ special trans- 
former TC-150-8 with an open-circuit 
Voltage of 65 volts and an overload : 
pa wh 1000 Be is manufactured 7 

several standard manual welding 
epeenrgaae’® — in parallel can <XJ~®OG Uff Yy Wd Y yf MMs Wy 
used. e choke is responsible -7" 5'=11" 
for the falling characteristics and serves os i, 
to control the welding current. The Fig. 4. 
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welding conditions are selected by a choke adjustment 
and a choice of rate of feed of electrode wire. Working 
currents of 400-1200 A correspond to a range of 
working voltages of 22-46 V. 

In the period under review it was already recog- 
nised that this method of electric supply, taken over 
from manual welding, had several disadvantages. The 
quality of the seam is very sensitive to fluctuations of 
mains voltage and variations of arc length which, with 
constant rate of electrode feed, must be accepted. 

A preferred method of electric supply utilises a 
welding transformer with a low degree of magnetic 
coupling, this creating a falling characteristic without 
a separate choke in the secondary circuit. Adjustments 
of secondary voltage are achieved by tapping the 
primary winding. The characteristic is not so steep, 
and, in fact, can be made to have a slope which, in the 
welding range, maintains a nearly constant power of 
the arc. Thus, the “ freezing ” of the arc is avoided if 
the arc length accidentally falls. In electrical terms, a 
lower value of open-circuit voltage and a higher value 
of short-circuit current are preferable in automatic 
welding. This method gives the most stable arc, is 
least sensitive to mains fluctuations and works with a 
better power factor. The use of the standard trans- 
former is not satisfactory for this form of supply since 
it gives too low a value of open-circuit voltage. 

Fluxes used in practice are of two kinds, namely, 
fused and unfused. Of the fused fluxes, the most 
widely employed is known as AH-3 and has the following 
percentage composition : 


SiO. MnO CaO MgO - CaF, Impupities 
50-52 16-18 16-18 9-10 3 4 


This flux is prepared in several grain sizes. A 
large-grained flux is used for high speeds on plate up 
to 14 in. thickness. Fine-grained flux is used for 
thicknesses beyond this at very high welding currents. 

The above composition belongs to the group with 
medium manganese content and gives best results with 
electrode wire of medium manganese content, and clean 
welding surfaces. A flux suitable for low-carbon, low- 
manganese wire and which gives best all-round re- 
sults under varying conditions is the high-manganese 
flux with 45 per cent MnO very little CaO and more 
CaF, (10 per cent). This flux in its commercial form 
is not supplied in the fused condition, but fused in 
electric furnaces by the users. It is much less favourable 
for the stability of the arc on account of its fluorine 
content. 

Unfused fluxes of similar composition are made 
from blast furnace slag with admixtures of ferrosilicon, 
ferromanganese and other reducing agents for the 
welding process. It appears that, owing to the danger 
of separation in the flux circulation equipment, unfused 
flux has not proved very successful. 

Electrode wire used with high-manganese flux can 
be poor in manganese, unlike a well known U.S. 
process where all the manganese is supplied in the wire, 
which is specially made with a manganese content of 
over 2 per cent. Soviet standard wire is either of 
low-silicon, low-manganese content or of medium- 
silicon, medium-manganese content known as _ the 
silicon-manganese electrode wire. Electrode wire must 
be cold-drawn to gauge, but filler wire need not be. 

The technique of automatic welding emvloys some 
auxiliary tools and methods, to ensure the proper 
execution of the process with little supervision. Pre- 
paration of various types of joint mav consist of a thin 
manual seam to close the clearance between the joint 
edges. A strap of steel mav be tacked under a butt 
ioint. A backing strip of copper is sometimes clamved 
on before welding. Other methods of flux retention 
consist in the use of asbestos packings. Flux cushions 
under a joint welded from above give very good results. 
Fig. 5 shows an elaborate flux cushion. 
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Flux retention around the joint is necessary in 
external fillet joints and is provided successfully by 
wooden planks clamped to the components. 

Simple tracing devices are attached to the electrode 
end of the welding head for automatic or semi- 
automatic guidance along the seam. Rollers which fit 
between the edges of a butt joint or inside the angle of 
a fillet joint are widely used where guidance by welding 
machines is not practicable. 

It is clear from the foregoing survey of the physics, 
chemistry and production equipment of automatic 
welding that many factors exist which determine the 
selection of variables of the welding process. Some of 
these variables can be directly deduced from the 
chemical and metallurgical conditions of the joint 
materials. The cross-section of the seam can be esti- 
mated from the dimensions of the joint, but the largest 
cross-section in a single pass has an area of 1:3 cm? 
corresponding to a fillet weld of 14 by 14mm. The 
main factor in determining the welding process is the 
selection of the optimum welding current. On the 
whole, the largest current which will not cause burning 
through the sheet should be chosen. Very roughly, 
butt welds of steel plate between } in. and 1% in. 
require currents of 650 to 1200 A. We have seen that 
the current is linked with a recommended value of 
voltage and the remaining parameters such as speed of 
welding and length of the arc are obtained as soon as 
current, weight of seam, and voltage are given. 

The design of components which incorporate 
automatically welded joints is in some ways different 
from the design for manual open arc welding. The basic 
differences are (a) much greater penetrating power of 
the automatic arc, and (b) the need to consider reten- 
tion of flux around the seam. Perhaps the most striking 
illustration of (a) is that in lap joints the form of seam 
shown in Fig. 6 is perfectly practicable. Where the 
web of a T-joint is stressed in tension, it is often 
preferable to weld a deep seam in one corner of the T. 
The consequences of (b) are obvious. 
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Fig. 6. 


The art of automatic welding as reviewed up to this 
point provided the welding shop with a powerful tool. 
This tool could be used with confidence by the operator 
as long as he confined himself to established techniques, 
materials and conditions. Apart from the qualitative 
limitations, quite severe economic limitations existed. 
Soviet literature at the time insists that mass production 
or, at least, batch production is necessary to ensure 4 
real benefit from automatic welding unless a uniformly 
excellent quality of the joint was imperative. De- 
velopment work has since been devoted to a purposeful 
programme to overcome the many limitations in the 
application of automatic welding. 
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The Ferrometer, An “— for Testing the Quality of 
Steel. 


By I. SvENsson. (From Ericsson Review, No. 2, 1952, pp. 49-53, 7 illustrations.) 


THE quality of steel is usually determined by means of 
hardness tests, metallographic investigations, and func- 
tional tests on finished parts. Hardness determinations 
frequently require extensive testing and are not satis- 
factory as an indication of the correct heat treatment of 
hardened and tempered tool steels. Metallographic 
tests are costly and entail the destruction of the test 
ample, consequently they cannot be used for con- 
tinuous checks in a production process. 

The technological properties of steel, however, can 
aso be determined by investigating the magnetic and 
dectrical properties of the material. The steel specimen 
isused as a core in a testing coil forming part of a system 
which operates in the same way as a transformer 
working on no-load. The primary winding is fed with 
250 cps current of constant amplitude. The secondary 
voltage depends on the core material. The two voltage 
components of the secondary voltage indicate the ap- 
parent permeability of the steel and its eddy-current 
losses. Both quantities can be indicated by direct- 
reading instruments. 

The “‘ Ferrometer ”’ developed by L. M. Ericsson’s 
Matinstrument A/B of Stockholm is an apparatus 
operating on this principle. The apparatus is mains- 
operated and comprises a testing coil, two indicating 
instruments for the ohmic and reactive voltage com- 
ponents, an instrument indicating the magnetising 
current, and controls for voltage compensation and 
sensitivity adjustment. The permeability values can 
be related to chemical composition, structure and heat 
treatment of the material, while the eddy-current losses 
will indicate the presence of surface cracks, porosities 
and slag inclusions. 

For rapid production tests, the “ Ferrometer ”’ is 
designed to operate in conjunction with an automatic 
warning device. The controls are adjusted to give zero 
output signal for steels complying with requirements. 
When a faulty material is detected, the output exceeds 
acritical value and sets off the alarm signal. A higher 
accuracy in quality determination is obtained by manual 
compensation of the voltage indications by means of 
two knobs ““R” and “ X ” controlling the ohmic and 
reactive components. 

In steel, the alloying substances together with the 
carbon produce different forms of carbides which 
enter into solution and produce uniform austenite at 
elevated temperatures. Rapid cooling converts the 
austenite into martensite which is the characteristic 
constituent in hardened steel and is also present to 
some extent in residual austenite and undissolved 
carbides. The magnetic permeability decreases with 
the continued solution of the carbides. It can therefore 
be used as an indication of the heat treatment; the 
variations in the magnetic properties due to the har- 
dening temperature give more reliable information than 
a hardness test. The relation between hardness and 
permeability can be determined experimentally and, 
for carbon steels, it is generally found that permeability 
's inversely proportional to hardness. 

Ww permeability values indicate the presence of 
large quantities of residual austenite which is non- 
Magnetic. Thus, lower values are obtained for coarsely 
crystalline martensite (austenite) than for a structure- 
less hardenite (martensite). During the tempering of 
hardened steel, the permeability rises and the curve of 
Permeability against temperature shows a well-defined 
relative maximum at different tempering temperatures 
for each grade of steel. In carbon steel, Fe,;C ferrous 
carbides are formed at 230-250° C. Chromium carbides 
Cr,C, ars formed in chrome steel at 425-450 C, and, 
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in high-speed (tungsten) steel, finely-divided tungsten 
carbides are segregated at 550-560° C while the residual 
austenite is broken down to martensite. 

A rise in the hardening temperature affects the 
permeability in the same way after tempering as before 
tempering at a constant temperature. It is thus possible 
to determine the hardening temperature of a steel by 
measuring its permeability. 

Mechanical stresses due to external loads also affect 
the permeability by altering the crystal orientation in 
the material. Under the influence of a magnetic field 
the specimen changes in length (magnetostrictive effect), 
and when it is subjected to tensile loading different 
permeability values are obtained, which can be used to 
plot a stress/permeability diagram. In this diagram the 
elastic limit and the proportionality limit are clearly 
indicated. The magnetostriction is positive for iron 
and negative for nickel. 


TYPICAL APPLICATIONS 


Hardness determinations: Tests of an 18-4-1 high- 
speed steel with 10 per cent cobalt, oil hardened over a 
period of two minutes, showed the following results. 
In the range of hardening temperatures from 1000° to 
1250° C, the permeability falls off linearly with in- 
creasing temperature. Between 1250° and 1290° C the 
curve flattens out considerably, and then drops even 
more steeply than previously with further increases in 
temperature. The corresponding hardness curve rises 
to 66 Rockwell-C at 1190° C, and decreases thereafter 
gradually to 63-4 at 1290° C and more steeply to 59-6 
at 1320°C. The “ flat”? portion of the permeability/ 
temperature curve is thus related to the region of 
maximum values of the hardness curve. Beyond this 
region, the residual tungsten carbides which have not 
been dissolved begin to melt and the quantity of 
austenite increases. The measurements must be taken 
with identical heating times for each temperature 
value, since the permeability falls off when the heating 
time is increased. 

Tempering: Typical results for three specimens of 
high-speed steel 18-4-1 with 10 per cent cobalt can be 
summarised as follows. In each case, the permeability 
is plotted as a function of the tempering temperature 
(tempering time: 60 minutes). Specimen A (hardened 
at 1290°C): The permeability drops from 700° to 
660° C, then rises to a maximum value at 550° C after 
which it falls off rapidly with further decreases in 
temperature values. The specimens B and C (hardening 
temperatures of 1250° and 1310° C, respectively) show 
similar curves with a lower maximum for the latter 
specimen and a higher maximum for the former. The 
corresponding hardness values again show a maximum 
value of 66 Rockwell-C between 500° and 600° C, that 
is, in the region corresponding to the maximum obtained 
for the permeability/temperature curve. 

Conversion of martensite and residual austenite: The 
“ Ferrometer ” makes it possible to obtain reliable 
results by means of a simple and time-saving method. 
The testing coil is first balanced without a sample so as 
to give minimum deflection for non-magnetic steel 
(austenite) for which the permeability is substantially 
equal to unity. Thus, for a sample at a temperature 
within the austenitic range, the instrument will show 
no deflection. The sample is then allowed to cool in 
air. As the martensite conversion takes place, the 
permeability varies and the entire conversion process 
can thus be followed, down to low temperatures. 

In order to determine the residual quantities of 
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austenite, comparative measurements of permeability 
are carried out on the test specimen and a completely 
hardened standard consisting of 100 per cent martensite. 
An alternative procedure is to cool the hardened steel 
specimen down to about —83°C. The quantity of 
austenite converted into martensite is obtained from 
the difference between the instrument readings before 
and after cooling. 


Fault detection: The presence of defects, such as 
cracks or gas inclusions in the material, is indicated by 
a decrease in permeability at the corresponding cross- 
section. Longitudinal cracks are detected by the re- 
sulting changes in the eddy-current losses. The instru- 


JAPAN 


ment is extremely sensitive to loss variations and 
indicates surface cracks to a depth of about 0-1 mm. 

Mechanical load tests: The test coil is placed round 
the bar specimen in a tensile testing machine. The 
load is increased gradually, and permeability reading; 
are taken for each load value. After each load change 
and measurement, the load is reduced and a “ reduced- 
load ” reading is taken before increasing the load to g 
still higher value. The different loading alters the value 
of permeability. 

The x-component values (reactive component) of 
permeability are plotted against load. Two curves are 


(Concluded on page 398) 


Changes in Electrical Properties of Cold-Worked Metals 


By T. HIRONE and K. ADACHI. 


(From Science Reports of the Research Institute of Téhoku Unverisity, Series A, Vol. 3, 


No. 4, 1952, pp. 454-458.) 


SEVERE cold-working produces an appreciable increase 
in the electrical resistance and thermo-electric power of 
metals. According to experiments by Rutter and 
Reekie, the increment in resistance can be expressed as 


Ap = Apo + Apr 


where 4py is the temperature-dependent term and 
Ap, the residual resistance increment, independent of 
temperature. 

The residual increment occurs as a result of the 
formation of dislocations, cracks, grain boundary 
changes and lattice defects during cold working. This 
problem was previously treated by Koehler, Mackenzie 
and Sondheimer, and other investigators. The present 
investigation uses the Peterson-Nordheim assumptions 
and takes account of the field effect due to the change 
in the charge distribution of the valency electron, 
which neutralises the field of each lattice ion in the 
distorted crystal. 

The electrical conductivity of the distorted metallic 
crystal can be calculated using the Koehler-Landauer 
model. The potential in the distorted crystal is 


V=V_ |} AV; | AV», 


where V, is the periodic potential in the undistorted 
condition, 4V, the disturbing potential due to lattice 
ion displacement, and 4V, the potential due to the 
changed charge density of the conduction electron. 
The wave function ¥,(r) of the conduction electron 
with a wave vector k in the distorted crystal should 
satisfy the Schriédinger equation 
[— (h?/8 72m) VY? 1- V) (9) = EB, Yr) 

According to the considerations of Peterson and 
Nordheim, the charge density of the conduction elec- 
tron in each distorted unit cell is so distributed as to 
cancel the charge of one positive ion. Owing to the 
displacement of the lattice point, the volume of the unit 
cell varies with the relative increase (1 -- div u) of the 
displacement vector u, and the charge density variation 
may be regarded as inversely proportional to this 
change. The charge density p is proportional to the 
square of the amplitude of the wave function of the 
conduction electron for the distorted crystal, which is 
given approximately by U, ~ 1— } div u. 

By multiplying the Schroedinger equation by the 
conjugate ¥,,*(r) and integrating over the entire 
volume of the crystal, the matrix element (k’ | 4V | k) 
is obtained from 


— (8 m7? V/h) (k’ | 4V | k) 
[ar \/p exp (ik r) x VW? { \/ p exp (i kr) | 


The electrical conductivity ¢ = (c,, o,,,) is then 
obtained following the same treatment as Mackenzie 
and Sondheimer, using polar co-ordinates for the 
vector k, and this results in an integral expression of 
the form: 


o,=% +A | dé j dp \ do’ 
x { KK R/(k2 + k,*) \ sin 8 cos ¢ 


for the x-component with K, = k’, — k,, etc.), a 
similar expression for the y-component, and oc, = o, 
for the z-component. 

For practical applications, on the basis of these 
equations and using Matthiessen’s rule, the mean 
increment of electrical resistance for all directions can 


- be obtained as 





(NhA2/27) [2— v7? 
Apy = | 
5k, &vVee Ly—l 


where N = number of edge dislocations per unit area, 
h = Planck’s constant, A = unit slip distance, v = re- 
ciprocal of Poisson’s ratio, ky = absolute value of wave 
vector (on Fermi surface), « = charge of electron, and 
V = total crystal volume. 

By substituting the corresponding numerical values 
in the above equation, the relative change in resistance 
at room temperature is given by the following expression 
in the case of copper :— 

Apy/p 05 10° N 

According to Koehler, N = 2:9 = 10!' dislocations 
per cm?. This only gives, however, a relative change in 
resistance of 0:014 per cent, which is extremely small 
in view of the experimental data given by Rutter and 
Reekie. Koehler’s estimation of N, based on the energy 
stored during work hardening and the elastic continuum 
theory, may be regarded as questionable. If the present 
theory is correct, N must be assigned a much larger 
value. On the other hand, if Koehler’s figure for N is 
correct, this would mean that changes in resistance due 
to cold working are not primarily caused by dislocation. 
The increase would then have to be attributed to the 
change in grain boundary or the origination of other 
kinds of lattice imperfections etc. during cold-working. 
It should be noted, moreover, that the perturbing 
potential based on the elastic continuum theory will 
not give an adequate representation of the potential in 
the vicinity of the dislocation centre; it overestimates 
the deviation from the periodic potential and therefore 
gives a somewhat lower value for 4p, than the one 
indicated above. 
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Using Matthiessen’s rule (p; = py + 4p;) and Mott’s 
equation, for the case in which the temperature gradient 
isin the x-direction, the change in thermo-electric power 
is obtained as 


4S So ‘nasi S; 
= [ . My fi 
(7 RT/3€)(4p,| po) 1 (x/p)— (1/po)| —2,' (E) f 


OL 
with 1 = x, y, 2), Where S, = thermo-electric power 
ina metal with no lattice defect and k = Boltzmann’s 
constant. As the second term is negligibly small 
compared with the first, we may write :— 


A S; So = Ap; Poe 

From this theory, therefore, the relative change in 
thermo-electric power due to cold work is equal to the 
relative change in electrical resistance. As shown in 
the following table, the experimental values fo 4 S;/S, 
and 4p;/p, for copper are not exactly the same. However, 
the two values for thermo-electric power were obtained 
from different specimens by different authors, and 
further measurements of both quantities on the same 
sample would be desirable.* 


EXPERIMENTAL VALUES FOR COLD-WORKED METALS 
(AT ROOM TEMPERATURE) 





Al 2 Ag | Remarks Authors 





Apolp | — % 3°, | severe cold- | Schmid & 
working Boas 

Apo | 0-2", “4% =" 50”, Rutter & 
Apr | 0-5" %, —f reduction Reekie 
Asis| — - *6% 1-4% 8% Borelius 

& Thiele 





*The original paper includes 11 references to previous articles 


on this subject. 
GERMANY 


Determination of the Quality of a Turned Surface from the 
Weight of Metal Removed during Turning 


By W. LEYENSETTER. (From Zeitschrift des V.D.I., Vol. 94, No. 25, September 1, 1952, pp. 825-828, 14 illustrations.) 


THE quality of a metal surface is important if a machine 
component is subject to dynamic stresses, fatigue, or 
fiction. In all these applications, however, the degree 
of plastic deformation of the boundary layers and the 
re-orientation of crystals in this layer are also impor- 
unt. The bending fatigue limit of turned specimens, 
for instance, depends on the cutting speed, and hence 
on the boundary deformation and surface quality, even 
when the feed and cutting depth are kept constant.! A 
study of the effect of the machining process on the 
machined surface is therefore essential and should 
include a consideration of the layers directly below the 
surface. For this purpose, microphotographs of ground 
cross-sections of the boundary layer structure as well 
a measurements of the compression of machined 
metal chips supply more information than the usual 
methods of surface investigation. The chip compression 
is especially important as it can easily be determined 
by weighing the chips removed from given identical 
test sections with various cutting speeds but constant 
feed and cutting depth. The weight removed generally 
decreases with rising cutting speed, and at the same 
time the quality of the machined surface improves. If 
the relationship between weight removed and surface 
quality can be established by methodical tests, then the 
weight removed may well serve as a criterion of the 
surface quality. 


Test ARRANGEMENT AND PROCEDURE. 


The steel test bar (Fig. 1) has two narrow axial 
grooves displaced at exactly 72 or 90 degrees (Section 
A-B, Fig. 1), an arrangement which preliminary tests 
showed to be most suitable for the test accuracy re- 
quired. The resulting ‘‘ short ” and ‘‘ long ” chips can 
then be weighed separately and provide a check on the 
measurements. The grooves are filled in with accurately 
ground steel sheets. Circumferential grooves of slightly 
less than } in. width divide the length of the test bar 
into several test fields and permit a change in the 
cutting speed without any further alteration in the set- 
up. The cutting depth was 0:2 mm, the feed 0:35 mm 
per rev. throughout the tests. The arrangement was 
checked for possible torsional vibrations by calibrating 
ests taken with a torsiograph attached to the Vee-pulley 
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on the main shaft. Heavy vibrations were experienced 
when the sheets filling the axial grooves were omitted, 
but during normal cuts the vibrations did not influence 
the test results, especially if the cutting: speed was 
above 280 metres per min (920 fpm). 


CARRIER CARRIER 
(HEADSTOCK) A (TAILSTOCK) 


(GROOVED) 5 TO 6mm 


Fig. 1. Test bar showing division into test fields, position 
of axial grooves, carrying arrangement between centres. 


Ten chips from each test field were weighed and 
their average weight was determined and plotted as a 
function of the cutting speed; for a few tests, the 
deviations from the average are shown above the graphs 
(see e.g., Fig. 2). A precision lathe type ‘“‘ Boley DW 4” 
was equipped with a Vee-belt drive attachment and 
gave an infinitely variable speed range from 400 to 
3800 rpm. The lathe was carefully adjusted so that the 
test bar was turned to an accuracy commensurate with 
that of the weight measurements which were taken on 
a chemical balance to an accuracy of 10°" grams. Three 
standard types of Widia hard metal cutting tools were 
used; the tool tips had a rake angle of 14 deg., a 
clearance angle of 10 deg., a tip angle of 90 deg., a tip 
radius of 0-7 mm, and could be exchanged. Test 
materials investigated were 0-15 and 0-35 carbon steels, 
32-, 38-, 44-ton plain carbon steels, a few alloy steels 
and six different free-cutting steels; a total of 6000 
test runs was carried out. 


TEST RESULTS. 

As expected, the weight of metal removed generally 
decreases with increasing cutting speed. With 0-15 
carbon steel (Fig. 2), a minimum “‘ short ” chip weight 
is reached at a speed of about 140 m/min (460 fpm) ; 
the weight then rises slightly and remains constant for 
speeds above 200 m/min (655 fpm). The deviations from 
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Fig. 2. Chip weights of the “ short” chip as a function of 
the cutting speed during turning of 0°15 carbon steel with 
hard metal tool type TT 1. 
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Fig. 3. Chip weights of the “ short” chip as a function of 
the cutting speed during turning of 0°35 carbon steel with 
hard metal tool type TT 1. 
the average weight also progressively decrease as the 
speed rises (top of Fig. 2). Check measurements with 
the ‘‘long”’ chips of the same test material show the 
same tendencies throughout. Tests on 0-35 carbon 
steel (Fig. 3) also show the gradual fall of the chip weight 
towards a minimum value which is sustained up to the 
highest test speeds. The decrease in the deviations is 
more pronounced. With a 32-ton steel (Fig. 4), the 
chip weight drops towards a minimum at a speed of 
about 150 m/min (500 fpm) and then remains constant. 

The tests were generally carried out in an order of 
progressively increasing speed. After the maximum 
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the cutting speed during turning of 32-ton steel with hard 
metal tool type TT 1. 
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Fig. 5. Chip weights of the “ short” chip as a function of 
the cutting speed during turning of 38-ton steel with hard 
metal tool type TT 2. 


(Table I). One may assume, therefore, that chip weight 
measurements are accurate even for small values which 
the stylus cannot measure because of its finite tip 
radius. Moreover, apart from the manufacture of the 
test bar, the time required for the determination of the 
surface qualities is less if merely the metal chips are 
weighed than if the usual surface measuring instruments 
are used. 


TABLE I. MEASUREMENTS ON 38-TON STEEL MACHINED WITH HARD METAL TOOL TYPE TT2. CUTTING DEPTH 0:2 MM, FEED 0:35 MM/REV., BAR 
DIAMETER 49-4 MM, AXIAL GROOVES DISPLACED AT 90 DFG. 















































Test field 1 2 3 4 [ 5 6 7 8 (control 
Cutting speed ee -s fpm 210 | 480 760 1040 1320 1620 1950 210 
Av. weight of “‘ short’? chip | milligrams 18-445 | 17-340 17-005 16-865 16:°830 16-785 | 16-795 18-350 
Diff. between max. and min. | | | a 
single chip weight .. | milligrams 0:95 | 1-00 0:75 0-45 0-50 0-45 | 0-35 3°35 
Roughness along cutting track Mm 27 | 24 23 23 23 23 23 40 
















speed had been reached, a check run was again taken 
with the lowest, initial speed and the deviations from 
the mean weight were measured for this run (see, e.g., 
Fig. 4, top right). In all tests, these check deviations 
were found to be larger than the initial deviations at 
the same speed, a clear indication of tool wear. A new 
rapid test method of estimating the tool wear of hard 
metal tips thus seems to be possible. 

Fig. 5 shows the graph for tests on 38-ton steel. 
The roughness of the turned surface was also measured 
in the cutting and transverse directions with a stylus 
instrument (Leitz-Forster) of 10 tip radius: its de- 
crease with increasing speed is most obvious in the 
cutting direction, i.e., along the cutting track. However, 
the stylus instrument does not detect any improvement 
at speeds above 760 fpm, and the surface appears 
already quite bright at this speed, whereas the chip 
weight then still decreases by a further 0:21 milligram 
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It is known? that the turning chip is parted from 
the solid bar not at the tool tip but by a crack ahead of 
the tool edge. The nominal cutting depth, therefore, 
does not accurately determine the point of separation, 
and the surface is better after machining at high cutting 
speeds because the crack penetrates less deeply into the 
metal than at low speeds, especially if the tool edge 
builds up during machining. Correspondingly, the 
average chip weight for each cutting speed as well as 
the deviations from this average decrease as the crack 
shortens with increasing speeds. The tests described 
show that chip weight measurements can give quanti- 
tative indications of these phenomena and help 
clarify them. 


REFERENCES 
(1) SIEBEL and LEYENSETTER: Z.VDI. Vol. 80 (1936), p. 697. 
(2) F. ScHwerD, Z.VDI. Vol. 77 (1933), p. 211 and Vol. 80 (1936 
p. 233. 
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BLOWERS AND COMPRESSORS 


On Asymmetric Flow in an Axial-Flow Com- 
pressor Stage 


By W. R. Sears. (From Paper No. 52-F-15 presented 
at a meeting of the American Society of Mechanical 
Engineers, September 1952, 6 pages, 6 illustrations.) 


Ir is suggested that flow patterns without axial sym- 
metry may occur when an axial-compressor stage operates 
in a steady, uniform stream, provided that the blade 
aerofoil characteristics exhibit certain peculiarities. For 
example, blades acting close to the stall may show non- 
linearity, hysteresis, and/or time lags, and these may 
cause asymmetric flow patterns. Conditions necessary 
for the existence of such phenomena are analysed by 
consideration of an annulus of an infinite number of 
blades and very large radius. It is shown that rotational- 
flow effects due to vortex shedding by the blades must 
be considered. The induced velocities resulting from 
asymmetrical loadings are calculated. The final step of 
the calculation is to show that these induced effects 
may actually support the circulation distribution that 
produces them. This step is only partly taken in the 
present paper. It is shown that time lag in the de- 
velopment of lift of a blade may produce such “ eigen- 
solutions.” Detailed study of the results of non- 
linearity in the blade characteristics is left for another 
investigation. 


ELECTRIC GENERATORS AND MOTORS 


Cascade Generator with High-Frequency Fila- 
ment Heating of Vacuum Rectifiers (Kenotron) 


By V. I. PopKov. (From Elektrichestvo, Russia, No. 10, 
1951, pp. 3-6, 3 illustrations.) 


HicH d.c. voltages are required in all high-voltage 
laboratories. A convenient source of such voltages is 
the cascade generator or voltage multiplier, which 
consists of a chain of links each consisting of a condenser 
and a vacuum rectifier. In such systems, the voltage of 
each successive rectifier valve increases from step to 
step, reaching in some installations several million 
volts. The heating of the filament is not easy under 
such circumstances, especially since the heating power 
tequired in vacuum rectifiers is about 100 watts per 
valve and the low-power devices used with gas-filled 
tectifiers which require only 10 watts per valve are not 
suitable. 

An electrically adequate solution has been previously 
described in which a system of isolating transformers 
arranged in cascade is used for filament heating. 
However, the cost and bulk of this system reach the 
proportions of the cascade generator itself. The author 
claims that a really elegant solution is provided by the 
circuit shown in the accompanying figure. The working 
condensers C,—C, and C,’—C,’ of the generator 
are linked through a by-pass condenser C,, creating a 
loop, along which high-frequency current of relatively 
high power can be conducted. 

The author has carried out tests on an installation 
of this type, and reports on the results of these tests, 
from which recommendations on the choice of circuit 
elements can be derived. A particular advantage of 

S$ system is that the whole auxiliary circuit for the 
filamen: heating of the Kenotron type rectifiers is of 
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small bulk and all its elements can be accommodated 
in the generator installation without increasing its 
overall dimensions. 

In the tested installation, which included sixteen 
Kenotrons, the overall efficiency of the complete heating 
circuit is of the order of 50 per cent. 


Speed Regulation of Slip-Ring Induction Motors 
for Special Purposes 


By F. DAHLGREN and P. BIRINGER. (From Acta 
Polytechnica, Sweden, Electrical Engineering Series, 
Vol. 4, No. 4, 38 pages, 26 illustrations.) 


A THEORETICAL and experimental investigation has been 
carried out relating to a particular arrangement for 
speed regulation of a slip-ring induction motor within 
certain regions of operation, which are of special 
interest for industrial applications. These regions of 
operation are high-speed service at low torque, where 
the arrangement makes possible over-synchronous motor 
operation, as well as low-speed motor operation and low- 
speed reverse-field braking, both at full torque. These 
results are obtained by means of an auxiliary set of two 
machines of low rating intended to be put in operation 
only when any of the special duties mentioned is 
desired. 

The paper contains a description and theory of the 
design of the machine, as well as a numerical example 
based on the results of this theory. Experimental tests 
are reported, relating to a test equipment of roughly the 
same data as those used in the numerical example. 
Operational stability is discussed by way of examples. 


METALLURGICAL ENGINEERING 
The Effect of Strain-Rate on Twinning and 
Brittle Fracture 


By D. RosENTHAL and C. C. WooLsgy, JR. (From 
The Welding Fournal, U.S.A., Vol. 31, No. 10, 
October, 1952, pp. 475s-492s, 23 illustrations.) 


THE relationship between strain rate, temperature, 
twinning and brittle fracture has been investigated 
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A flush fitting fixing medium that is also an 
efficient high pressure seal is of vital significance in 
the design and construction of integral fuel tanks, 
pressure cabins or similar structures. 


Basically a 120° countersunk 
headed bolt to which is bonded a rubber 
sealing ring, the Strud can be 
supplied in sizes and with rubber 
specifications to suit customers 
individual requirements. 


Leakproof 
Flush Fitting 
Pressure Sealing 
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Metallurgical Engineering—continued. 





experimentally in simple tension. The rates of strain 
covered a 10,000-fold range from 0-02 to 275 per second. 
For each strain rate a threshold temperature for the 
occurrence of twins (Neuman lamellae) in the micro- 
structure and loss of ductility (transition temperature 
for brittle fracture) were determined. 

The results of this investigation could be adapted 
to the process of twinning by a reaction rate equation 
down to a critical temperature of approximately 
—170° F. At that temperature, the process of twinning 
appears to be insensitive to the rate of deformation. 
Above — 170° F, an activation energy of 4200 (-+ 400) 
calories per mole has been determined. 

The process of brittle fracture was found to be 
practically insensitive to strain rate over the range 
employed: an increase of only 25°F in the brittle 
transition temperature was found for a_ 10,000-fold 
increase in strain rate. 

The occurrence of a critical temperature for twinning 
could be derived from a criterion patterned after Bragg’s 
criterion for slip. Likewise, a correct order of magnitude 
for the activation energy was obtained from the analysis 
of the twin-slip process. 

A better understanding of the process of fracture 
is necessary to interpret the present results in their 
relationship to previous work. 


THERMODYNAMICS 


On Heat Transfer over a Sweat-Cooled Surface 
in Laminar Compressible Flow with a Pressure 
Gradient 


By M. MorpucHow. (From fournal of the Aero- 
nautical Sciences, U.S.A., Vol. 19, No. 10, October, 
1952, pp. 705-712, 4 illustrations.) 


A SIMPLE expression is derived for the normal injection 
velocity distribution theoretically required to maintain 
a given uniform temperature along a porous surface in 
the laminar boundary-layer region of a compressible 
flow with a given velocity distribution outside of the 
boundary layer. This expression is valid for any given 
free-stream Mach number, but is based on a Prandtl 
number of unity and on the assumption that the vis- 
cosity coefficient varies linearly with the temperature. 
By using the Dorodnitsyn type of transformation, the 
variation of fluid properties, even in the case of zero 
Mach number, is taken into account. This study is of 
particular practical interest in connection with the 
sweat-cooling of turbine blades and of aerofoil surfaces 
in high-speed flow. The method of analysis consists 
of applying the Karman-Pohlhausen method to both 
the momentum and energy boundary-layer equations 
and of using an additional heat balance equation, 
involving the coolant temperature. A closed-form 
approximate solution of the equations is then derived. 
Numerical examples for flow in the immediate vicinity 
of a stagnation point and for a typical type of flow over 
a turbine blade are given. 





X-RAY ANALYSIS AND TESTING 


Electronic Intensification of Fluoroscopic Images 


By M. C. Teves and T. Tot. (From Philips Technical 
Review, Holland, Vol. 14, No. 2, August 1952, pp. 
33-43, 7 illustrations.) 


IN order to reduce to a minimum the risk of injury to 
the patient as a result of X-ray examination, the X-ray 
dosage that the patient receives must be limited as far 
a is practicable. Therefore, the attainable brightness 
of the image on a standard fluoroscopic screen is so 
low that long visual adaptation periods are required 
before such images can be studied; even then, visual 
acuity and the contrast sensitivity of the eye are both 
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fairly low at such low brightness levels. Improvement 
can be brought about by increasing the brightness of 
the fluoroscopic image. The electronic tube by which 
this is now made possible functions on the piinciple of 
the image converter. The X-rays produce on a fluoro- 
scopic screen an image, the radiation of which liberates 
electrons from a photo-cathode in contact with the 
screen. The electrons are focussed by an electrostatic 
electronic lens system working at a potential of 25 kV, 
to produce another image, reduced 9 times in size, on a 
second fluorescent screen, the viewing screen, which 
is observed through a simple microscope of 9x mag- 
nification. The gain in brightness, by a factor of 
800-1200 with respect to normal fluoroscopy, is pro- 
duced partly by the accelerating field which imparts 
energy to the electrons, and partly by the electron- 
optical reduction of the fluoroscopic image. The re- 
solving power of the image intensifier is higher than that 
of the best fluoroscopic screen. Owing to a number of 
causes, the ultimate image is subject to a certain amount 
of fogging which does reduce the contrast, although 
not to a serious degree. From a discussion of the lower 
limit of perceptible detail as based on spontaneous 
fluctuation in the number of X-ray and light quanta, it 
is seen that the brightness can be intensified up to a 
factor of about 20 with a corresponding increase in the 
amount of ‘‘ information” to be derived from the 
image. Beyond that point the information is restricted 
by the number of contributing X-ray quanta, but the 
much higher gain factor of the image intensifier offers 
the advantage that the image can be viewed without 
preliminary dark adaptation of the eyes, in a room with 
practically normal illumination. In conjunction with 
film cameras, the intensifier paves the way to X-ray 
cinematography without the necessity for increasing 
the X-ray dosage to a hazardous extent. 





THE FERROMETER, AN APPARATUS 
FOR TESTING THE QUALITY OF STEEL 


Concluded from page 394 


obtained, for increased and reduced loads, respectively. 
For annealed and ground carbon steel with 0-65 per 
cent carbon, the increased-load curve rises to a maximum 
value near the elastic limit of the material and falls off 
at higher loads. The reduced-load curve rises similarly, 
but has a sharp upward bend at the position of the 
elastic limit, beyond which it rises still further up to 
the proportionality limit. At this point the curve 
reaches its maximum value and then falls off steeply 
with a slight inflection at the elongation limit. 

According to theory, in the range of low load values 
the permeability curve should first show a downward 
trend. However, owing to magnetostrictive effects, it 
actually rises steadily with increasing loads up to the 
maximum point at which spontaneous magnetisation 
sets in, with the most favourable crystal orientation 
for the applied tensile load. Permeability then de- 
creases at high loads, while at the same time the depth 
of penetration of eddy currents into the material in- 
creases. Plastic deformation begins at the surface 
position having the lowest resistance and continues 
throughout the specimen. 

The diagram thus plotted from the decreased-load 
readings is clearer and more accurate than that ob- 
tained with the Martens mirror apparatus or other 
mechanical strain-measuring equipment. 

Tests on annealed or cold-rolled nickel strips give 
curves of a different shape, owing to negative mag- 
netostriction. The increased-load permeability diagram 
shows a falling characteristic. The curve from the 
reduced-load readings decreases with increasing load 
for annealed nickel, but shows an upward trend for the 
hard-rolled nickel strip. 
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Efficiency that you take for granted... 


Look at that pint of milk on your doorstep. What 
is its butter fat content? Is its calcium content as 
high as it should be? To what temperatures has it 
been raised and lowered to kill any lurking bacilli? 
You don’t know. But you take it for granted that 
your milk is as good as today’s scientific food 
safeguards can make it. 

Similarly behind every Wakefield Industrial lubri- 
cant lies a long story of scientific achievement. 
That is why engineers take these oils for granted. 
They know that the final product that reaches 
them embodies the sum-total of all lubricating 


knowledge as it stands today. They know too, from 





experience, that to use Wakefield Lubricants and 
enlist the co-operation of the Wakefield Industrial 
Lubrication Service is one of the surest ways to 


cut down costs and increase efficiency. 


[ 


INDUSTRIAL 


WAKEFIELD 


LUBRICANTS 





Cc. 


CC. WAKEFIELD &2 CO. £TD 


GROSVENOR STREET 


LONDON 
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NEWS OF THE MONT! 














PERSONAL 


Mr. C. G. Abbey, president and general manager of Bepco 
Canada Ltd., Montreal, since 1933, will assume as from March 31st, 
1953, the newly created position of chairman of the Board. He 
will be succeeded as president and general manager by Mr. Brian 
M. Burt, B.Sc.(Tech.) who has been associated with Mr. Abbey 
as vice-president and chief engineer since the establishment of 
the Company. Mr. F. E. Regan, branch manager at Toronto, 
Ontario, will become vice-president. Bepco Canada Ltd. was 
formed by Bruce Peebles & Co. Ltd., Crompton-Parkinson Ltd., 
Hantend Engineering Co. Ltd. and Lancashire Dynamo, in 1933. 

. L. Atherton, B.Sc., A.M.LE.E., has recently joined the 
lesipment Division of Mullard Ltd. He is in charge of the Special 
Products Commercial Group which specialises in ultrasonic equip- 
ment and laboratory and industrial applications of electronic 
techniques. Mr. A. E. Crawford, A.R.Ae.S., is now in charge 
of a special assignment to investigate applications of ultrasonic and 
other electronic equipment. 

Major W. Berry, J.P., chairman and managing director of 
Henry Berry & Co. Ltd., Hunslet, Leeds 10, has relinquished his 
position as managing director, but is remaining chairman of the 
Company. Mr. P. G. Corin, M.A., M.I.C.E., and Mr. A. 
Walker, have been appointed joint managing directors. 

Mr. Clark of the technical department of Imperial 
Chemical Industries Ltd., Billingham-on-Tees, has been appointed 
research manager to African Explosives and Chemical Industries, 
Johannesburg. 

Mr. W. A. Coates, M.I.E.E., F.Amer.LE.E., has been 
appointed general sales manager and Mr. F. Gurney, M.LE.E., 
has been appointed home sales manager of Metropolitan-Vickers 
Electrical Co. Ltd., Trafford Park, Manchester 17. Mr. Coates, 
who succeeds the late Mr. Duncan MacArthur, retains his seat on 
the Board. He is also a director of Metropolitan-Vickers-Beyer, 
Peacock Ltd. and Sunvic Controls Ltd. Mr. Gurney was chairman 
of the North Midland Centre of the Institution of Electrical 
Engineers in 1941-2. 

Mr. Bonner W. A. Dickson has been elected a director of 
Oliver Pell Control Ltd. (incorporating the Varley Magnet 
Company). 

Mr. Arthur Dorman, M.A., has been elected President of 
the Cleveland Scientific and Technical Institution. 

Mr. C. S. Garland, A.R.C.S., B.Sc., F.R.1.C., M.I.Chem.E., 
chairman of Stream-Line Filters Ltd., relinquished his office of 
honorary treasurer and has been re-elected vice-president of the 
National Union of Manufacturers. 

Sir Harry Garner, K.B.E., C.B., Chief Scientist of the 
Ministry of Supply, ." retiring early in the New Year. His 
successor is to be Dr. O. H. Wansbrough-Jones, C.B., O.B.E. 

Mr. F. W. Halliwell, M.I.Mech.E., M.I.P.E., chairman 
and managing director of Gay’s (Hampton) Ltd., has been re- 
elected President of The Gauge and Tool Makers’ Association, 
Standbrook House, Old Bond Street, London, W.1. Mr. A 
Dennison, M.I.P.E., chairman of the Birmingham Tool & Gauge 
Co. Ltd., has been elected chairman, and Mr. S. J. Harley, B.Sc., 
M.I.Mech.E., M.I.P.E., chairman and managing director of the 
Coventry Gauge & Tool Co. Ltd., has been elected vice-chairman. 
Mr. L. E. Van Moppes, director of L. M. Van Moppes & Sons 
(Diamond Tools) Ltd., has been re-elected vice-chairman. Mr. R. 
Kirchner, M.I.Mech.E., M.LP.E., director of Arnott & Harrison 
Ltd., has been re-elected honorary treasurer. The immediate 
past-chairman, Mr. H. S. Holden, M.I.P.E., managing director 
of the Brooke Tool Manufacturing Co. Ltd., will continue service 
on the Council of the Association. 

Mr. Ls Hubbard, manager of the engineering sales department 
of W. T. Henley’s Telegraph Works Ltd., has been appointed a 
» of Oakley Brothers Ltd., Cradley Heath, a subsidiary 
er of W. T. Henley’s Telegraph Works Ltd. 

Mr. James Lenaghan, director and manager of William 
Gray & Co. Ltd., West Hartlepool, has been appointed shipbuilding 
director of the Fairfield Shipbuilding & Engineering Co. Ltd., 
Govan, Glasgow. 

Mr. P. H. Muirhead, C.B.E., and Major-General C. A. L. 
Dunphie, C.B., C.B.E., D.S.O., directors of Vickers-Armstrongs 
Ltd., have been elected to the Board of the parent Company, 
Vickers Ltd. 

Mr. C, G. Phillips, O.B.E., B.Sc. (Lond.), has been appointed 
director of navigational services (telecommunications) at the 
cared of Civil Aviation, Ariel House, Theobalds Road, London, 


Mr. W. H. Purdie, director of William Doxford & Sons Ltd., 
Sunderland, has been re-elected chairman of the National Asso- 
ciation of Marine Engine Builders. Mr. Ewen H. Smith, director 
- David Rowan & Co. Ltd., Glasgow, has been re- -elected vice- 
c air in. 

_ Mr. F. Stanley Stenner has been appointed chief engineer 
of Gh. dova Ltd., 45/47 George Street, London, W.1. 

Licut.-Colonel R. J. Venn, M.I.Chem.E., has relinquished 
his ap; intment as chief control officer for the mechanical engineering 
industr'esin the Ruhr, and has rejoined International Combustion Ltd. 

_ Mr. J. F. Willsher has been appointed production manager 
of George Kent Ltd., Luton, in succession to Mr. H. W. Cain, 
who di» i recently. 
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| MR. B. A. DUNCAN, O.B.E. | 





We regret to announce the death, on November 5th, of Mr. 
B. A. Duncan, O.B.E., Whit. Ex., B.Sc.(Eng.), A.M.Inst.C.E., 
A.M.I.Mech.E., F.R.Ae.S., production director of Dowty Equip- 
ment Ltd., at his home, Ellingham House, Pittville Lawn, 
Cheltenham, after a short illness. 

Mr. Duncan, was well known among the aeronautical industry 
in this country in which he had a wide experience. 

During the course of his career Mr. Duncan was an assistant 
designer at A. V. Roe & Co. Ltd., assistant designer and works 
manager of the experimental department of Blackburn’s, and 
manager of the experimental department at the Vickers-Armstrong, 
Weybridge Works. In 1942 he was appointed superintendent of 
Vickers’ shadow factory at Chester, where he was largely responsible 
for the high production output of Wellingtons and Lancasters for 
the R.A.F. Mr. Duncan received his O.B.E. for services in the 
production of military aircraft. 


BRITISH PRODUCTIVITY COUNCIL 


The British Productivity Council has now been formally 
established. The new organization is on a broader basis than its 
predecessor, the U.K. Section of the Anglo-American Council on 
Productivity, whose work it is taking over as well as engaging in 
fresh activities. 

In addition to representatives of the British Employers’ Con- 
federation, the Federation of British Industries and the Trades 
Union Congress—the constituent bodies of the A.A.C.P. since its 
inception 3} years ago—the Council includes representatives of 
the Association of British Chambers of Commerce, the National 
Union of Manufacturers and the nationalised industries. 

Each of the participating bodies will subscribe directly to the 
funds of the Council. Subject to the approval of Parliament a 
Government grant will also be available. 

Sir Peter Bennett was appointed chairman of the Council. 
Mr. Lincoln Evans was appointed deputy chairman. 

Members nominated by the Federation of British Industries, 
the British Employers’ Confederation, the Trades Union Congress, 
the Association of British Chambers of Commerce, the National 
Union of Manufacturers and the Nationalised Industries, res- 
pectively, include: Sir Peter Bennet, O.B.E., M.P., Past President, 
F.B.I., Chairman and Joint Managing Director, Joseph Lucas Ltd., 
Birmingham ; ; Mr. W. H. Pilkington, Deputy President, F.B.I., 
Chairman, Pilkington Bros. Ltd., St. Helens, Lancs.; Sir Ewart 
Smith, Director, Imperial Chemical Industries Ltd., Nobel House, 
2 Buckingham Gate, London, S.W.1; Sir James Turner, President, 
National Farmers Union, 45 Bedford Sq., London, W.C.1; Sir 
Norman Kipping, Director-General, Federation of British Indus- 
tries, 21 Tothill Street, London, S. W. 1; Sir Cuthbert Clegg, Past 
President, B.E.C., Chairman and Joint "Managing Director, Clegg 
& Orr Ltd., Littleborough, Lancs.; Mr. Charles Connell, Vice- 
President, B.E.C., Chairman, Charles Connell & Co. Ltd., Ship- 
builders, Glasgow, W.4; Sir Greville S. Maginness, Past President, 
B.E.C., Chairman and. Managing Director, Churchill Machine 
Tool a. Broadheath, Manchester, Chairman, Roneo Ltd., 17 
Southampton Row, London, W.C.1; Mr. A. G. Stewart, President, 
B.E.C., Chairman, Stewarts & Lloyds Ltd., Brook Hse., Upper 
Brook St., London, W.1; Mr. K. J. Burton, Secretary, British 
Employers’ Confederation, 21 Tothill Street, London, S.W.1 ; 
Mr. A. Deakin, C.H., B.E., General Secretary, Transport & 
General ag Union, Transport House, Smith Square, London, 
S.W.1; Lincoln Evans, C.B.E., General Secretary, Iron & 
Steel Preaee Confederation, Swinton "House, 324 Grays Inn Road, 
London, W.C.1 ; Sir William Lawther, General Secretary, National 
Union = Mineworkers, 5 Westminster Bridge Road, London, 
S.E.1 ; Jack Tanner, President, Amalgamated Engineering 
Union, io Peckham Rd., London, S.E.14; Mr. Tom Williamson, 

>.B.E., General Secretary, National Union of General & Municipal 
Wrrkeze 5 Endsleigh Gardens, London, W.C.1; Sir H. Vincent 
Tewson, C.B.E., General Secretary, Trades Union Congress, 
Transport House, Smith Square, London, S.W.1; Mr. Harry 
Yates, President of the Association of British Chambers of Com- 
merce, Managing Director, Smith & McLean Limited, 179 West 
George St., Glasgow, C.2; Mr. F. T. Jackson, O.B.E., Vice- 
President, National Union of Manufacturers Inc., 6 Holborn 
Viaduct, London, E.C.1, Chairman, Telephone Manufacturing 
Co., Ltd., Hollingsworth ‘Works, West Dulwich, London, S.E.21 ; 
Mr. John’ Benstead, C.B.E., Deputy Chairman, British Transport 
Commission, 55 Broadway, ’London, S.W.1; The Rt. Hon. Lord 
Citrine, P.C., K.B.E., Chairman, British Electricity Authority, 
B.E.A. House, Winsley Street, London, S.W.1; Sir Hubert 
Houldsworth, Q.C., Chairman, National Coal Board, Hobart 
House, Grosvenor Place, London, S.W.1. 


BUSINESS NOTES 
The fourth Gauge and Tool Exhibition to be organised by 


The Gauge and Tool Makers’ Association will be held in the early 
Summer of 1954 
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FOR HARD WORK AND 
PLENTY OF IT- 


GOODYEAR BELTING AND HOSE 


iw THE Goodyear range you will find conveyor pioneer research and practical engineering, 7 

belting for every type of service, transmission Goodyear Industrial Rubber Products give J syten 
and V-Belts to suit every condition of loading, longer wear, more dependable service. And, § jasuls 
hose to meet every industrial need. Built with above all, they keep operating costs to a mini- § {4 


the accumulated knowledge of over 50 years’ mum. That’s why it pays to specify Goodyear, =u 


1 GOODYEAR CONVEYOR BELTS 


The “Stacker” belt illustrated here is designed for 
installations which handle highly abrasive materials. 
Its tough resilient cover “gives” under impact and 
resists cutting. High grade bonding between the 
plies prevents separation under severe flexing. It is 
proofed against the ruining effects of mildew. 





9 RAYON CORD V-BELTS 


Goodyear Rayon V-Belts are ideal for all industrial Bite 
drives, especially those longer, normal speed drives capac 
where shock loads occur. They stand up to sudden pan 
jolting loads that would break ordinary belts, for ny 
they contain strong, resilient, high-tensile rayon prodi 
cords which “ give”? without snapping. ai 
Cons 


3 WRAPPED PLY HOSE 


This Goodyear Hose is built from high-grade rubber 
tube wrapped in tough rubberized fabric for greater 
strength. A protective cover of bruise- and abrasion- 
resisting rubber assures lasting wear. And scientific 
arrangement of the fabric plies minimizes kinking. 
Intended for general service this wrapped ply hose 
gives long life under the most arduous conditions. 


GOODFYEAR 


INDUSTRIAL RUBBER PRODUCTS 


TRANSMISSION BELTING - V-BELTS - CONVEYOR BELTING - INDUSTRIAL HOSE 








The Goodyear Tyre and Rubber Co. (Gt. Britain) Ltd., Wolverhampton — 
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The new factory of Ransome and Marles Bearing Co. 
Ltd, Newark-on-Trent, now under construction at Annfield Plain, 
Co, Durham, is expected to commence production early next spring. 


The Dowson & Mason Gas Plant Co. Ltd., Levenshulme, 
Manchester 19, have been granted licence to manufacture Koch 
smoke-house equipment which are designed and produced in the 
U.S.A. by Koch Supplies, Inc., Kansas City, Missouri. 


Shell-Mex and B.P. Ltd. have divided their head office 
marketing department into two groups, retail and industrial. 
Mr. C. K. Stringer is assistant general sales manager, retail, and 
Mr. H. Cunliffe, assistant sales manager, industrial. 


A. C. Morrison (Engineers) Ltd., makers of electric generating 
plants, announce that their offices and sales organisation has now 
been removed from Rectory Place, Loughborough, to their nearby 
factory at Burton-on-the-Wolds, Leicestershire. 


The Metal Fixing Association announce the publication of 
the first Code of Practice covering lightweight Metal Fixing 
Systems for building linings and ceilings. 

The Code lays down minimum standards for metal components, 
insulating fibre boards, anti-corrosion protection and describes in 
detail the requirements for methods of fixing linings and ceilings. 
In addition, it sets out the data suggested for specifications and 
enquiries for quotations. 

Copies are freely available from the Secretary, The Metal Fixing 
Association, at 32 Queen Anne Street, Cavendish Square, London, 
W.l. (Langham 7616). 


Crypton Equipment Ltd., a “Lancashire Dynamo” 
Company, have just received from the Near East a single export 
order to the value of approximately £20,000. This order is for 
standard items of Crypton automobile servi¢ge equipment and covers 
large numbers of Fast Battery Chargers, Electrical Test Benches, 
Distributor Analysers, Portable Engine Test Equipment and 
Electrical Service Tools. 


Building work has now begun on a site adjoining the Birlec 
Ltd. main offices and works at Tyburn Road, Erdington, Birmingham. 
These extensions will provide additional Drawing Office capacity 
and other facilities, whilst similar work at the other end of the fac- 
tory will lengthen the existing works bays. 

This constructional work is part of a larger project, the 
complete realisation of which is, however, delayed by current 
building restrictions. 


Smail, Sons & Co. Ltd., 62 Robertson Street, Glasgow, 
C.2 and Edinburgh, have been appointed technical representatives 
of Electropower Gears Ltd. for Scotland. 


Birlec Limited of Erdington, Birmingham, announce that they 
have been commissioned by Samuel Fox & Co. Ltd., in association 
with The United Steel Companies Limited, to supply the largest 
arc melting furnace to be either manufactured or installed in Great 
Britain. This Birlec Lectromelt equipment will have a nominal 
capacity of 60-tons and will be rated at 15,000 kVa with on-load 
tap-change gear. Samuel Fox will install this unit at their 
Stocksbridge Works, where it will be used for the production of 
high quality alloy steel ingots. It is probable that nowhere else 
in the world will such a large tonnage of this type of steel be 
produced from a single furnace. 


A “Golden Jubilee ” Cocktail Party was arranged on the 
15th October at the Bushbury Engineering Works of The Electric 
Construction Co. Ltd., Wolverhampton, to celebrate 50 years of 
service with the Company of their chairman and managing director, 
Mr. William Marter Furniss. During this period production has 
been expanded considerably to embrace all important medium and 
heavy electrical engineering products. The number of employees 
has increased from 800 to about 1,600. 


_Paterson Hughes Engineering Co. Ltd. have moved their 
Midlands office into larger premises at 3 Highfield Road, Edgbaston, 
Birmingham 15. Tel. No. Edgbaston 1639. Mr. J. Ford is 
Midlands area manager. 


The English Steel Corporation Ltd., Openshaw, Manchester 
ll, is now marketing a new drill pack containing 13 popular sizes 
of Easicut high performance drills, ranging from 4; in. to } in. in 
diameter. The sizes are clearly marked, and little space is required 
for the compact red plastic and perspex case on shelf or workbench. 
The transparent cover keeps the tools clean and ready for use. 


AC-Sphinx Spark Plug Co., Dunstable, has changed the 
name of the Company to AC-Delco Division of General Motors Ltd. 


DEVELOPMENT OF GUIDED WEAPON EQUIPMENT 


TITANIUM PILOT PLANTS 


Imperial Chemical Industries Ltd. has been carrying out a 
three-year research and development programme covering the 
manufacture of titanium. The Directors have decided that this 
work has reached a stage where the Company can immediately 
start to erect pilot plants-for the production of wrought titanium 
and its alloys. When these plants are in production they will 
provide a British source of supply for the development of prototype 
applications in the engineering and aero engineering fields. 


ULTRASONICS IN THE FOUNDRY 


The Mullard Ultrasonic Soldering Equipment which provides 
an efficient method for soldering aluminium and other light metals 
without the use of flux, is finding an increasing number of appli- 
cations. One particularly interesting field of application is in the 
surface treatment of faulty light-alloy castings and the modification 
and repair of aluminium patterns. 

In practice, in spite of the care that is taken, a number of 
light-alloy castings are rejected on account of surface blemishes, 
which, although not materially affecting the strength of the 
castings, nevertheless mar their appearance. The reclamation of 
such castings has for long been a pressing problem in the foundry. 

This problem has to some extent been overcome by filling in 
the surface defects with metallized glues or molten aluminium. 
However, repaired areas could often be detected, even after painting. 
With the aid of the Mullard Ultrasonic Soldering Iron, surface 
blow-holes and cracks can now be quickly and permanently filled, 
and an excellent finish obtained. 

The great advantage of this new soldering technique is that a 
strong and permanent bond is obtained between the solder and 
the base metal. Moreover, tin-zinc solder is used which has a 
texture and colour similar to that of aluminium. This means that 
after machining the treated areas are almost indistinguishable from 
the surrounding parts of the casting. 

The treatment of castings by the ultrasonic soldering method 
is quite simple. The casting is first preheated to the melting point 
of the solder used. The cavity is then filled with molten solder 
and the bit of the soldering iron is applied. ‘The erosive action of 
the vibrating bit removes the oxide film on the sides and bottom of 
the hole, and rapid and effective tinning occurs. The bit is then 
withdrawn. If necessary further solder can be added and allowed 
to solidify, after which the surface can be machined to the shape of 
the casting. 

Although the ultrasonic soldering process is quite effective for 
the rectification of surface defects in castings, it cannot, however, 
be considered suitable for jointing castings where the design is 
such that appreciable stresses occur across the repaired break. 





In thirty years and more we 
have designed and made a lot 
of springs—good springs from 
the best materials available. 
Now we feel we really have 
springs at our finger tips, 


and there isn’t much we Sp 


don’t know about them. 
Don’t you think all that ex- 
perience would be useful Ss 
to you? Established 1919. 


. The Research Laboratories of The General Electric Co. Ltd. 
of England are proposing to set up a unit at the Long Range 
Weapons Establishment, Salisbury, near Adelaide, S. Australia, 
for trials and further development of guided weapon equipment on 
which they are at present working in the United Kingdom. 





LEAVE /T TQ 


SMALL LIGHT-WEIGHT FIGHTER 


The Folland Aircraft Company is well advanced with the 
design t a very light supersonic fighter which can be built very 
cheaply Its designers believe that it will have armament and A.I.D. Approved 
oom - Bae Mly er —s a yt for a of Eo isis ; 

ons which a single-seat fighter can perform, and an equal or ili i 
better performance by way of speed and climb than would heavier THE LEWIS SPRING co. LTD., Rectont bapestas eames 
Project Telephone : REDDITCH 720/1/2 


The aircraft is descri its desi ; as “‘ a radical : ac: 
to the 5 oboe eer nape ee London Office : 321 HIGH HOLBORN, W.C.1. Phone: Holborn 7479 & 7470 


OF REDDITCH 
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There’s a job coming through 


(we aren’t sure where) 


that calls for power 


(we're doubtful what) 


with close control 


(we don’t know why) 


in the smallest space... 


(we arent sure how) 


Compressed air could save the day 


If you need a piece of equipment which doesn’t exist to do 
a job that does — put the problem to Hymatic. It will fal! 
into willing hands. We like problems. They give us ideas. 
Readily producible ideas engineered to do the job you want. 
We are especially keen on problems which involve air valves 
and control mechanisms. We make lots of them. Write 


Hymatic, Dept. DU. 12. 


A58 


(we CAN be accurate about that!) 


HYMATIC 


COMPRESSED AIR EQUIPMENT 


The Hymatic Engineering Co. Limited, 
Redditch, Worcestershire 


THE ENGINEERS’ DIGEST 
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The reason for this is that, although the zinc-base solder has a 
shear strength of three tons per square inch, it is normally not as 
strong as the base metal. If, however, the part of the casting to 
be treated is used only for ornamentation, lap and butt joints can 
be used. These will withstand all normal usage. 

Another promising application is in the modification and repair 
ofaluminium patterns. On account of their greater resistance to 
wear, there is a tendency in many foundries to use patterns of this 
kind in place of those of wood. Up to now, however, alterations 
~o light metal patterns have presented serious difficulties. Some 
success has been obtained with the riveting and red lead method, 
but this tends to be costly and wasteful. Using the ultrasonic 
soldering iron, however, an initial tinning of the area to be modified 
or repaired can be effected on which solder can be built up and 
formed to shape. The saving in time over the fabrication of a 
new piece part is thus considerable and the resultant part will 
withstand all normal usage. 

Soft soldering can also, in many cases, be utilized in the 
manufacture of the initial light metal pattern. This can lead to a 
saving in machine shop capacity, for instead of drilling and tapping 
the oe ga parts to be joined together, they can now be effectively 
soldered. 

The ultrasonic soldering equipment for use in the foundry 
consists of two units; a soldering iron and a power unit. The 
soldering iron is supplied with a flat chisel bit for the treatment of 
large surfaces and a tapering bit for the treatment of cavities. The 
bit is heated by means of a low voltage resistance winding of 
conventional type, the necessary power being supplied from a 
wansformer contained in the power unit. 

The bit is secured to a magneto-striction transducer, which 
converts the electrical energy from the power unit into mechanical 
vibratory energy, thus causing the tip of the bit to vibrate at a 
high frequency. The amplitude of vibration is very small, being 
in the region of fractions of a thousandth of an inch. A trigger 
switch in the handle of the iron controls the supply of ultrasonic 
power to the bit. The heater element is controlled from the 
mains switch on the power unit. 


A DRYING OVEN FOR LARGE TRANSFORMERS 


As part of the programme of extensions undertaken by The 
General Electric Co. Ltd., to meet the increasing demand for 
power transformers, a new drying oven, which embodies many 
novel features, has been installed and is now in full operation in 
the Company’s Transformer Works at Witton. 

While certain dimensional limitations were imposed on the 
design by existing structural features, it was, nevertheless, possible 
t0 construct an oven large enough to deal with transformers of 
100 MVA and above. An assessment of the heating facilities which 
would be necessary was based on an estimated weight of 180 tons 
of metal in the transformer itself, with additional allowances of 
30 tons for the oil, while it was decided that controlled temperatures 
from 90° C to 120° C were to be attainable. It was considered that 
these requirements could best be satisfied by a system of circulating 
air heating. 

The completed oven has a volume of over 13,000 cu. ft. being 
7 ft. 84 in. high, 33 ft. wide and 23 ft. in depth, the mouth width 
being 31 ft. 94 in. A steel framing with panel brickwork forms 
the outer shell and inside this, but having no metallic contact with 
the outer steelwork, is a second shell consisting of steel boxes, 3 in. 
thick, containing insulating material with included air spaces. 

he hot air enters through specially designed nozzle slots in the 
bottom faces of four aluminium ducts built into the roof and ex- 
tending the full width of the oven. The air is supplied to these 
ducts by the main fan, installed in the fan house alongside the oven, 
through feeder ducts. 

Having passed downwards through the oven, the air leaves 
through grids in the top plates of seven very strong steel boxes 
which are set in the floor. These boxes extend from front to rear of 
the oven and discharge at the back into a glazed brick duct, through 
which the air is conducted to the intake of the main fan. The sides 
and ends of the boxes are covered with a layer of plastic asbestos 
to allow for expansion, and the space between the boxes is filled 
with heat resisting cement. 

Clamped to the floor between the boxes, and accurately set for 
level and gauge, are steel rails of very heavy section on which move 
the six-wheeled bogies on which the transformer is carried. To 
assist in moving the transformer into the oven, hauling plates, or 
deadmen,” are set in the shop floor between the rails at the front 
Toren so that towing wires may be arranged as required. 

L - deadmen ” are set below the shop floor level and are covered 
with steel plates when not in use. In addition, hauling eyeplates 
= a in the angle between the rear wall and the floor, for the 
— of blocks necessary for pulling large transformers into 
— oven is closed by a door consisting of two roller shutters 
bo are separated by a 20-in. air space. At the top of the shutters, 
lead aad filled by specially designed labyrinth packings, and 
This packings are fitted between the inner shutter and the wall. 
whieh pubis door is electrically driven and is controlled by a switch 
tricall is fitted with a deadman’s handle. The shutters are elec- 
oar interlocked in such a way that, when the door is being 
This 2 the inner shutter begins to rise before the outer shutter. 
lant Trangement ensures that no one can inadvertently touch the 

imner shutter, the outer shutter being very little above the 

)p temperature. 
tan house at the side of the oven has two floors. On the 
cor is installed the main fan which has a capacity sufficient 
Ty the oven with four complete changes of air per hour. 
air ‘rculates repeatedly in the closed system but additional 
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air can be injected if required, in which case the displaced air 
leaves the oven through a ventilator which discharges above the 
roof to atmosphere. In its passage downwards through the oven 
the circulating air carries with it through the grids in the floor any 
dust which may be present in the air. This dust is removed by a 
filter fitted in the intake to the main fan, and, as a result, the oven 
space is kept clean. 

Before entering the main fan, the circulating air is heated by 
two steam batteries. The primary battery supplies the heat neces- 
sary to compensate for normal losses from the oven shell, while the 
secondary battery is used to control the oven temperature. The 
steam supply to this secondary battery is regulated by a temperature 
controller and, by this means, the temperature of the transformer 
may be maintained at any temperature between 90° C and 120° C. 

On the lower floor of the fan house is installed a supplementary 
fan which is connected to the transformer tank by metallic hoses. 
This fan is used to draw air from the tank, thus ensuring intimate 
contact between the hot air and the transformer windings. A 
vacuum pump is also provided so that, when the normal heating 
operations have been completed, the transformer tank may be 
sealed and exhausted, and the transformer subjected to vacuum 
drying and oil impregnation. 

Electrical instruments for testing transformers during stoving 
are installed in the fan house, the necessary connections being 
carried by porcelain bushes through the oven insulation. The 
transformer may be kept under constant observation through an 
inspection window, the interior of the oven being illuminated by 
four Osram fluorescent tubes set behind frosted giass in the back 
wall. An emergency door is provided between the oven and the 
fan house. 


TURBINE-DIESEL MOTOR TORPEDO BOATS 


The first two Motor Torpedo Boats of the Royal Navy to be 
powered by gas turbines in combination with diesel engines will 
be completed for service shortly. They are Her Majesty’s Motor 
Torpedo Boat Bold Pioneer, launched in August, 1951, at the 
Cowes, Isle of Wight Yard of J. S. White and Co. Ltd., and Her 
Majesty’s Motor Torpedo Boat Bold Pathfinder, launched in 
September, 1951, at the Portchester Yard of Vosper Ltd. 

Both craft are fitted with gas turbines made by Metropolitan 
Vickers Electrical Co. Ltd., of Manchester, the main machinery 
installation having been undertaken in each case by the shipbuilder. 
The turbines have been developed from the Gatric engine which 
operated so successfully in M.G.B. 5559 (ex 2009) in 1947. 

The craft are largely sister vessels and both will carry a peacetime 
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ROBERT RILEY LTD., Milkstone Spring Works, Rochdale. 
Phone: Rochdale 2237 (5 lines) Grams: ‘Rilospring’ ROCHDALE. 
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WELDING EQUIPMENT by PHILIPS | ® 
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PHILIPS TYPE ES 3566 NEW 
350 AMP. AIR COOLED <a 


tol 
WELDING TRANSFORMER of com 


at the 
outstan 
A fully portable A.C. Welding Plant for medium and heavy take 
fabrication. The transformer is suitable for connection to single "ans: 


phase or across 2 phases of a 3-phase 50 cycle supply. It is housed J o™™ 
in a robust sheet steel cabinet —a built-in fan guarantees J dcvelor 
adequate cooling under all conditions. beg’ 
Output : 60 — 350 Amps. Current continuously variable. high re 
Arc Voltage: 24 — 34.5 Volt. the 
O/C Voltage : 75 — 80 Volt. 

Primary Tappings: 190, 200, 220, 250, 380, 400, 440 and 500 

Volts. 

Total Weight : 3} cwt. 
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PHILIPS TYPE ES 1426 300 AMP. The in 


ARG WELDING ELECTRODE HOLDER supe 
The 


Manufactured from high grade materials by the most modern V4 , reduce 
factory methods employing arc and resistance welding, and ' / - = 
High Frequency Heating. The resultant product is of excellent é ~~ ‘ae 
quality and finish and whilst being light in weight (204-ozs.) , A ' couplin 
its robust construction ensures a trouble-free life. oN a 
The Philips ES 1426 Electrode Holder is suitable for electrodes ; Pers i wand 
from 14 to 4 s.w.g. and operates without overheating over = eile : in many 


exceptionally long periods of continuous welding. ; pe | i 
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PHILIPS TYPE 1381/1 
FULLY PORTABLE nt 


WELDING TRANSFORMER cae 


signed 
A fully portable A.C. Welding Plant for medium fabrications, sheet- oat of 
metal welding, maintenance work and garage and agricultural repairs. Researc 


Low initial outlay and low running costs are special features of this unit. J ./ i 


Input links easily adjusted to permit connections to different supply accelers 
voltages — 200, 225, 400, 440 volts; single phase 50 cycles, or across ~ 
2 phases of a three-phase system. coal 
The welding current control is continuous over the entire range of variable 
I5 to 200 amps. Two current ranges are available :— push-bj 
Low range — 15 to 100 amps. O/C voltage 80/100 volts. =... 

High range — 30 to 200 amps. O/C voltage 40/50 volts. and off 
Approximate dimensions — 1 ft. 64 in. x 1 ft. § in. x 1 ft. 11} in. this cai 
Approximate weight — 200 lb. ore, 

installe 
= 
PHILIPS] For full details of complete range, write for Philips Arc Welding Catalogue PD.3515 conditi 
torques 
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INDUSTRIAL X-RAY EQUIPMENT + ELECTRONIC APPARATUS + LAMPS AND LIGHTING EQUIPMENT + ARC AND RESISTANCE WELDING PLANT AND 
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ELECTRODES + MAGNETIC FILTERS + BATTERY CHARGERS AND RECTIFIERS - H.F. HEATING GENERATORS + RADIO AND TELEVISION RECEIVERS @ ke 
(w23 


ini THE ENGINEERS’ DIGEST NOV 
| 





eavy 
ngle 
used 
tees 


complement of two officers and sixteen ratings, and be armed with 
four 21 in. torpedo tubes and one small ~. ; 

The principal dimensions of the craft and the details of the 
machinery installations differ slightly because the boat built by 
Messrs. White is of Hard Chine, and that built by Messrs. Vosper 
of Round Bilge form. : f 

The principal dimensions of the Bold Pioneer are: length; 
extreme, 121 ft. ; length between perpendiculars, 116 ft. 3 ins. 
beam, 25 ft. 6 ins., whilst those of the Bold Pathfinder are: length 
extreme, 122 ft. 8 ins.; length between perpendiculars, 117 ft. ; 
beam, 20 ft. 5 ins. 


NEW FORDSON MAJOR COMMERCIAL TRACTOR 


The New Fordson Major, which has been universally acclaimed 
as representing a great advance in agricultural mechanisation, is 
now followed by a new model introduced to meet the requirements 
of commercial users. This tractor will be shown for the first time 
at the Smithfield Show at Earls Court in December. Thus, the 
outstanding versatility of the tractor will be further emphasised as 
it takes its place in the fields of industry and civil engineering. 
Haulage in factories, docks and jetties, and shunting on railway 
sidings, are but a few of the many applications of the New 
Commercial Tractor. ; , 

Diesel or petrol engines are available. The diesel engine 
develops 40°5 bhp and the petrol engine 39°5 bhp at 1,600 rpm. 
There are six forward gears giving variable road speeds of from 
less than 1 mph to more than 14 mph and two reverse gears—the 
high reverse ratio being well suited to the majority of requirements 
and the low ratio for manoeuvring in particularly confined spaces. 

The tractor is fitted with powerful brakes, the drums being 
attached directly to the rear wheels. The brakes are operated by a 
single foot pedal, and give positive control under all conditions. 
The multi-plate hand operated transmission brake ensures safe 
parking—a major consideration where heavy loads are involved. 

Heavy duty 9.00 x 36, six ply industrial pneumatic tyres are 
fitted as standard equipment giving long life, under the most arduous 
conditions. 6.00 x 19 pneumatic tyres are fitted to the front 
wheels, 

All controls are closely grouped for convenience of operation. 
Clutch, foot pedals, gear levers, throttle and radiator shutter con- 
trols can be operated without the driver having to leave his seat. 
The instruments, situated in a panel immediately in front of the 
operator, are clearly visible. A speedometer is fitted as standard 
equipment. An adjustable convex rear view mirror is fitted to the 
offside rear wing. 

The drawbar has been designed to make operation easy, to 
reduce time wasted when hitching and unhitching loads, and to 
obviate “‘ snatch ” when taking up the load. The new rear towing 
attachment combines a simple automatic hitch with a spring loaded 
drawbar. There is no necessity for the driver to leave the seat when 
coupling or uncoupling loads, and the springs ensure a smooth 
load take up. 

Over 30,000 of the New Fordson Major Agricultural Tractor 
have already left the Assembly Line at Dagenham and are in use 
inmany countries throughout the world. Operators are enthusiastic 
about its power, manoeuvrability and economy, combined with 
comfort and ease of operation. The New Commercial Tractor 
embodies all these qualities with road worthiness, to meet the 
needs of industrial users. 


HEENAN & FROUDE TEST PLANT 
FOR BRITISH TIMKEN 


British Timken Ltd. are now installing a Heenan and Froude 
rear axle test plant, adapted for carrying out “‘ life ’’ tests on Timken 
bearings. This will be followed by another plant (specially de- 
signed by Heenan and Froude Ltd. for “deflection” tests) as 
part of the general policy of British Timken Ltd. to equip a new 
Research Department for testing bearings. 

The “life” test plant is intended for testing the rear-axles of 
cars, lorries, etc. fitted with Timken bearings, under conditions of 
acceleration, over-run and deceleration, according to speed/load 
cycles which can be modified at will. The plant is driven by a 
35 bhp motor, through two Heenan-Dynamatic eddy-current 
couplings, one acting as a speed-varying drive and the other as a 
variable brake, control being through load-presetting devices and 
push-buttons. The maximum propeller-shaft speed is 4,000 rpm. 

Alterations from the standard design consist of means for 
accommodating a wider range than usual of rear-axle dimensions 
and offsets of propeller-shafts. Although primarily intended in 
this case for research, the plant is also suitable for rapid check- 
testing of axles on a production basis. 

The “ deflection” testing plant, as its name implies, is being 
installed to permit the measurement of the deflection of bearings 
under load, while they are actually working; experience having 
shown that it is misleading to measure such deflections in static 
conditions. This plant is arranged to subject axles to very heavy 
torques at comparatively low speeds. 


Standardisation of Hacksaw Blades. Negotiations have 
now been concluded between the British, American and Canadian 
hacksaw industries, and an agreement has been reached to provide 
4 common list of hacksaw blade sizes. Four teeth per inch as a 
Standard tooth number has been introduced. The adoption of 
decimals of inches for the measurement of thickness, one width 
only for each thickness and a simpler and evenly graded range of 
lengths have been agreed upon. 

The new list of standard sizes of hacksaw blades up to 30-in. 
in length may be obtained from the British Hacksaw Makers’ 
Association, Light Trades House, Melbourne Avenue, Sheffield 10. 
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for uses such as this 
—only the special 
qualities of moulded 
plastics fulfil 
SIEMENS’ exacting 
requirements 


tox with hinged cover mouldea trom phenolic 
material by Moulded Products Limited for Siemens Brothers 
& Co. Ltd. This is only one of the many plastic 
components made at our Birmingham factory 
for the Electrical Industrv 





MOULDED PRODUCTS LTD 


CHESTER ROAD, TYBURN, BIRMINGHAM 24 ERDington 2201 


BRITISH MOULDED PLASTICS LTD 


37, PORTMAN SQUARE, LONDON, W.|I . . . WELbeck 3934 
TWO NATIONAL PLASTICS COMPANIES 
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NEW ‘CASTINGITE’ PROCESSES 








Bronze Cylinder 8 ft. 10} ins. 
long, 4 ft. 11% ins. dia. weight 
6,393 Ibs. Internally inpregnated 
and hydraulically tested to 52 Ibs. sq. 
in. for 15 hours without leakage. 
(Working pressure 20 Ibs. sq. in.) This 
cylinder, costing over £1,000 would have been scrapped but for 
reclamation by the ‘‘ Castingite’’ process. 


No Castings are too small, few too large or heavy 


for our Impregnating and Filling Processes. 





B-Cylinder Diesel Engine Block. 


Bridges Surface Grinder finishing 
operation. 


Treated for blowholes on machined jointing surfaces and 
porosity in stud holes. 


In these days of high costs, one cannot afford to 
ignore such a valuable service as we offer 
SAVE YOUR MACHINING COSTS! 


CASTINGITE LTD. 


HEAD OFFICE... 


STONE YARD, BIRMINGHAM, 12 


Tel.: MIDLAND 2169 
WORKS... 


60-66, HEATH MILL LANE, BIRMINGHAM, 9 


Aé60 














THE PROTECTIVE COATING OF 
METALS, INCLUDING CASTINGS 


The field of application in connection with PROTEC- 
TIVE COATINGS is almost unlimited. The process is 
a non-metallic one. Enquiries which are invited, are 
the object of individual research and study, according 
to requirements. 


THE BONDING OF METAL-TO. 
METAL, RUBBER-TO-METAL 
AND OTHER MATERIALS BY 
MEANS OF HIGH STRENGTH 
SYNTHETIC RESINS 


This process has opened up a new unlimited field. In 
this case also, each application is the object of 
individual research and study. 


THE IMPREGNATION OF 
CASTINGS FOR RESISTANCE 
TO PRESSURE has been proved to be the 


means of salvaging a very large percentage of Castings 
which otherwise would have to be scrapped. The 
accompanying illustration of a Bronze Cylinder speaks 
for itself. The Process operated in making castings 
pressure tight is non-metallic and the castings treated 
will withstand high temperatures and pressures as 
well as Superheat steam. 


THE FILLING OF CASTINGS IN- 
VOLVING THE REPAIR OF BLOW- 
HOLE AND OTHER DEFECTS 


is also the means of salvaging a high percentage of 
machined castings which otherwise would be useless. 
The filling is basically the same as the Parent Metal 
and if required can be satisfactorily drilled, tapped 
and otherwise machined in the same way as the 
casting itself. The accompanying Diesel Engine Block 
illustration is a good example of what can be done. 


@ THE IMPREGNATION AND FILLING PROCESSES 
are M.O.S. and A.I.D. Approved. 


@ THE BONDING PROCESS is also A.1.D. Approved 


PLEASE CONTACT NEAREST BRANCH 
FOR FURTHER INFORMATION 


Associated Companies 
CASTINGITE (SCOTLAND) LTD., 
Kelvinhaugh Street Glasgow 

Telept CENTRAL 5444 ; 


CASTINGITE LIMITED, 


Clarence Works Teddington. 


Park Road 
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j, Split Seals. Illustrated brochure describes the principle and 
construction of the split seal and outlines the advantages which 
can be gained from the use of split seals. The complete ease of 
initial fitting saving many hours of dismantling work, easy main- 
tenance, efficient sealing of shafts or bearings in divided housings 
without oil losses, and prolonged bearing life are outstanding 
advantages. Specifications of standard and dual type seals are 
included, and it is emphasised that each installation is cunsidered 
and dealt with on its merits to satisfy individual applicational 
requirements. 4 
Blueprints are reproduced to illustrate typical applications. 


2, Taking Care of Bearings. 52-page brochure, profoundly 
illustrated, stresses the importance of care in fitting and maintenance 
of bearings in order to prevent failure and to ensure efficient service 
and long life. Separate sections, each nicely illustrated, deal with 
Cleanliness ; Inspection of Seatings and Housings ; Assembly and 
Dis-assembly ; Lubrication and Protection and Fitting Allowances. 
Included in the brochure are also Tables with Recommended 
Limits for Shafts and for Housings for both inch size and metric 
size bearings. 


3. An Important Development in Screening Technique. 
Illustrated brochure designed to introduce a range of perforated 
metals with cam-shaped ridges which increase the strength of the 
screen. The perforated holes are conical in shape, sloping at an 
angle of 65°, causing a tendency to lead the material through the 
aperture. Better grading results, or a higher screening capacity are 
achieved, and, in new installations, the same results can be obtained 
with smaller screening appliances. 

The new range of patented perforated metals are supplied in 
steel, copper, brass, bronze, or stainless steel. 


4. Industrial Lubrication Service. Neatly designed 16-page 
brochure describes an Industrial Lubrication Service which aims 
at improving the lubrication efficiency of industrial plants. It gives 
some details of Surveys for lubrication points and systems, Lubri- 
cation Schedules, Identification Colour Coding Systems, Stores 
and Control of Lubrication. 

The brochure is apt to stimulate all who are interested in 
lubrication problems of industrial plants. 


5. Lubricants and Coolants for Cutting and Grinding. Well 

designed and edited 52-page booklet, with numerous excellent 

illustrations, contains a brief history of the development and func- 

er of cutting fluids and deals with the general types of cutting 
uids. 

Various chapters deal with the handling and reconditioning of 
cutting oils, with the action of cutting oils on the skin and prevention 
of oil dermatitis. Details are included of a range of cutting fluids 
and drawing compounds specially developed for specific applications. 
The booklet also contains a Cutting Speed Chart and Formulae 
for computing various dimensions of screw threads. 


6. Universal Scraper. [Illustrated leaflet deals with a scraper 
which is provided with a complete range of tungsten carbide 
blades to cover all possible applications in automotive, shipbuilding, 
engineering and allied industries. 


7. Industrial Heating. Leaflet describes the ‘‘ Thomas ” stove 
which has been designed for the efficient and economic heating of 
factories, workshops, etc. Constructed from standardised units, 
erection or dismantling can be accomplished in a few minutes. The 
stove is built in two sizes, with a heating capacity of 60,000 and 
30/35,000 cu. ft., respectively. It will burn any type of solid fuel 
and is designed to ensure maximum heat radiation. 


8. Sine Protractor. [Illustrated leaflet describes an advanced 
instrument for precise angular measurement accurate to 4-6 seconds 
of arc. It eliminates possible errors of vernier reading completely. 
The instrument provides a reliable inspection standard for all 
work involving angles. It is made of 13% chromium stainless steel 
and is practically undeformable and unwearable. Anvil and roller 
are of lapped tungsten carbide. 


§. Abrasive Wheel Dresser. [Illustrated leaflet describes a 
patented wheel dresser which has been designed to provide a 
simple and foolproof method of rotating a diamond through a 
Sequence of stations mechanically positioned to present a keen, 
sharp edge or point to the grinding wheel at each indexing station. 
Advantages claimed include improved grinding finishes, increased 
production, less frequent diamond re-setting and considerable 
economy in diamond consumption. 


10. Machine Tools and Small Tools. Condensed catalogue of 
64 profoundly illustrated pages contains brief descriptions and 
Specifications of the entire range of B.S.A. Tools’ production. 

onveniently thumb-indexed, individual sections deal with Small 
a ; _ Centreless Grinders; Honing Machines; Multi-Tool 
S peaction Lathes; Tapping & Threading and Thread Rolling ; 

D.P. & J. Auto Turret Lathe ; Single and Multi-Spindle Chuck- 
ers; Bar Machines and Single Spindle Screw Machines. 


2. Centrifugal Oil Filter. Illustrated folder deals briefly with 
the importance of Oil Filtration, Filtration Systems and the Re- 
quirements of the best type of oil filters. Working principle and 
y nanan parts of a new centrifugal oil filter (patents pending) are 
escrined and specifications of the model which is designed for 
engines in the range from 60 to 120 B.H.P. are included. The 
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following advantages are enumerated: No elements to be re- 
placed; Easy and quick cleaning ; Many times greater dirt capacity ; 
No clogging; Uniform and undiminishing filtration efficiency ; 
Filter can be located in a variety of accessible positions; Easy 
inspection ; Oil not passing through collected dirt ; No mechanical 
or electrical drive ; etc. 


12. All Geared Timken Bearing Lathes. Attractive brochure 
with large colour illustrations contains complete specifications of a 
range of 10}$”-12}"-14}” all geared Timken bearing lathes of 
sturdy and dependable construction. 


13. Gas-Fired Hot Water Heating. Illustrated folder describes 
the main features of gas-fired hot water boilers, the high working 
efficiency of which is due primarily to the design of the heat 
exchanger. 

The boilers are supplied with fully automatic gas and temperature 
control in a wide range of capacities and dimensions. Gas-fired 
heating units are designed in sizes up to one-million BTUs per 
hour for high and low pressure hot water and steam raising. They 
are installed for a variety of industrial applications as well as for 
domestic and factory heating. 


14. Positive Drive Unit Seal. Neatly illustrated folder depicts 
the salient features of unit seal designed for use in small low pressure 
centrifugal pumps and other rotary equipment handling oil, water, 
liquid foodstuffs, beverages and other fluids at temperatures up to 
100 deg. C. he positive drive feature ensures that no torque is 
transmitted through the rubber casing of the seal. The seal is 
effective against pressure in either direction. Specifications are 
included. 


15. Perforated Metal Components, Carburetter Floats and 
Small Precision Pressings. 16-page brochure contains much 
useful information to the users of filters made of wire-woven or 
perforated materials for water, oils, chemicals, hydraulic fluid, 
gases, air and petrol. Data included should assist designers and 
buyers in choosing the appropriate material for any of the more 
than thousand different filters which these manufacturers are 
producing to customers’ designs and requirements. A range of 
small soldered and solderless assemblies are illustrated. 


16. Dewatering Fluids. 32-page brochure, with numerous 
illustrations, explains the action of dewatering fluids which have 
found increasing application to both ferrous and non-ferrous 
metals, preventing staining or corrosion. Ten different types of 
dewatering fluids are described and typical applications for each of 
them are indicated. They include protection of machinery and 
tools stored or in transport under severe conditions ; phosphated 
surfaces, water quenched parts, acid pickled stéel, alkali treated 
metals and surfaces; phosphated and plain surfaces prior to 
application of oil and cellulose paints; plated surfaces and steel 
strip or plate prior to cold rolling. 


17. The Isolation of Vibration and Noise. 32-page booklet, 
just issued, describes in a concise manner some vibration principles 
and the various types of machinery vibration. It is emphasised 
that indiscriminate use of flexible mountings or materials beneath 
a machine or its foundation can often result in amplification of 
the trouble rather than cure. Suitable antivibration or shock ab- 
sorbing mountings or materials must be correctly arranged and 
applied if they are to do their work efficiently. 

A patented range of self-contained antivibration and shock- 
absorbing mountings is described and illustrated. There are 
standard size units suitable for supporting loads from 0-125 cwt 
to 30 cwt on each unit. For greater loads units are designed to 
suit the particular installation. 

Typical installations incorporating spring suspension systems 
are described and illustrated. 


18. Unit Construction Pumps for Chemical and General 
Process Duties. An excellent 8-page leaflet, with diagrams and 
photographic illustrations, features a range of pumps built on the 
unit construction principle. Design specifications and performance 
data are given. In the design, the impellers and volute can be 
changed to meet different capacity/head conditions or material 
specifications whilst using the same bearing and support frame. 
Spare stocks can be carried, therefore, at a new low level and 
considerable savings can be achieved. The pump has particular 
appeal to the chemical and petrochemical industries which use 
a large number of pumps for different applications. 
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EQUIPMENT 


“Electro Dynamic” equipment is the outcome of years of 
experience. Every unit is precision-built to withstand hard, 
constant use . . . every piece of equipment is eminently 
suited to its job. 

And then there is the ‘ Electro Dynamic” ‘ Plus’ providing 
for the adaptation or complete re-designing of units to match 
up to special requirements and a team of technicians always 
ready with experience and expert assistance. 

Why not consult us at the drawing board stage ? 


ELECTRO DYNAMIC 


LTD. 
KENT 


ION COMPANY 


ST. MARY CRAY, 
ORPINGTON 2560-3 


Control Gear Works: BRIDGWATER, SOMERSET 














For over forty years we have been designing foundations 
and equipment to prevent the transmission of vibration 
and noise. Our devices and materials have been success- 
fully applied under varied conditions and all over the world 
to machinery ranging from large Oil Engines, heavy Power 
Hammers and Drop Stamps to heating and ventilating 


plant and office equipment. 


W. CHRISTIE & GREY LTD. 
VIBRATION ENGINEERS 





4 Lloyd’s Avenue, London, E.C.3. Telephone ROYal 7371/2. 


Manufacturers of :—‘‘ Coresil’’ Cork Foundation Plates, C.D. 
Type Pedestal Antivibrators and Spring Suspension Systems. 


Aél 


tHE 2S0lation 


OF VIBRATION AND NOISE 


May we send to you a copy of our new booklet “The 
It has already been 
well received by the Engineering Industry, and we feel 


Isolation of Vibration and Noise’’? 


sure that it will be of interest to you. 


The booklet deals with some vibration principles, types 
of machinery vibration and methods employed by us to 
There are 


prevent transmission of vibration and noise. 
many drawings and illustrations of typical installations. 


Please forward without charge Publication 152 to:— 
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BOOKS 


The G.E.C. Handbook. 800 pe. Publishers: The General 
Flectric Co. Ltd., Magnet House, Kingsway, London, W.C.2. 
Nearly 60 years ago the G.E.C. issued its first “‘ Bound 
Catalogue,” which was the first and the most comprehensive of all 
electrical catalogues to be published for many years to come. Further 
editions followed at regular intervals, and soon the G.E.C. Bound 
Catalogue became a recognised work of reference throughout 
stry. 
._ edition has been re-named The G.E.C. Handbook as 
ithas now become rather less a catalogue and much more a guide 
and friend to all those who require and use the wide range of 
products known as ** Installation Material.” 


Foundations of Electrical Engineering. By H. Cotton 
and E, W. Golding. Volume I. 301 pp. Numerous diagrams and 
photographic illustrations. Publishers: Sir Isaac Pitman & Sons 
Ltd, Parker Street, Kingsway, London, W.C.2. Price: 20/-. 

This book meets the requirements of students preparing for 
National Certificate examination in Electrical Engineering, most 
admirably. Its logical arrangement, clear and lucid style will be 
appreciated by all students who wish to acquire a sound knowledge 
of the fundamental principles of D.C. apparatus. 

Many worked examples as well as suggestions for experimental 
work in the college laboratory have been well chosen and they 
constitute a valuable feature of the book. 


Aircraft Instrument Design. By W. H. Coulthard. 310 pp. 
169 illustrations. Publishers: Sir Isaac Pitman & Sons Ltd., 
Parker Street, Kingsway, London, W.C.2. Price: 40/-. 

In four sections, this book deals with the Pilot’s, the Navigator’s 
and the Flight Engineer’s Instruments as well as with Automatic 
Flight Instruments. The basic principles on which the design of 
aircraft instruments depends are explained and illustrated by 
drawings and photographs of typical instruments. 

The book should be of value to advanced students in the aircraft 
industry who are working on precision instruments and to Royal 
Air Force apprentices. 


UHF Practices and Principles. By Allan Lytel. 390 pp. 
285 illustrations. Publishers: John F. Rider Publisher, Inc., 480 
Canal Street, New York 13, N.Y. Price: $6.60. 

This book is designed to provide a fundamental background 
for an understanding of ultra-high-frequency transmitting and 
receiving equipment. Receiver techniques are emphasised. 


F.B.I. Register of British Manufacturers—1952/53. 25th 
edition Published November 1952, for the Federation of British 
Industries, by Kelly’s Directories Ltd. and Iliffe and Sons Ltd., 
— House, Stamford Street, London, S.E.1. 922 pp. Price: 
42/-, 

This is the only authorised directory of the Federation of 
British Industries, the largest and most influential association of 
British manufacturers, and is recognised as a standard export 
reference book to British industry. It is compiled by the publishers 
in close collaboration with the F.B.I. It comprises seven sections ; 
including a classified Buyers’ Guide listing over 6,000 F.B.I. member 
firms under more than 5,000 alphabetical trade headings. The 
introductory information and detailed instructions on the use of 
the Register are translated into French and Spanish, and all sections 
have reinforced guide cards for easy reference. 

In his foreword, Sir Archibald Forbes, President of the F.B.I., 
says, “‘ With this edition the F.B.I. Register of British Manufac- 
turers celebrates its Silver Jubilee. For over a quarter of a century 
.. it has served as a medium to help buyers to satisfy their require- 
ments by telling them where they can make contact with British 
suppliers anxious to meet their needs.” 


Corrosion-Resistant Materials in Marine Engineering. 
By L. W. Johnson, Met., M.I.Mech.E., F.I.M., and E. J. Bradbury, 
M.Eng., A.M.I.Mech.E., A.I.M. 

Corrosion problems in marine engineering vary considerably, 
but it can be said that materials are available to resist practically 
all conditions of service. Although the use of such a material may 
not always be justifiable, by slight re-design and by choosing a 
more resistant alloy, economies and improved life are often possible. 
This publication, which is based on a paper presented by the same 
authors to the Institute of Marine Engineers, will be found helpful 
in making such a choice. 

After a brief introduction to the theoretical aspects of cor- 
fosion and a consideration of causes—products of combustion of 
fuel, boiler water impurities, steam, sea water, the atmosphere— 
much useful data is given on the corrosion-resisting materials 
commonly in use. The materials covered include copper and 
special brass and bronze alloys, cupro-nickel, aluminium alloys, 
corrosion-resisting and heat-resisting steels and cast irons, and 
Protective metallic coatings. A useful table shows the relative 
abilities of a wide range of copper alloys to resist different forms 
of attack by sea water. A comprehensive bibliography is included. 
Copies of this publication may be obtained free from The Mond 


Nickel Company Limited, Sunderland House, Curzon Street, 
London, W.1. 


. MacRae’s Blue Book. 4,315 pp. 8} by 11 inches. Published 
y MacRae’s Blue Book Company, 18 East Huron Street, Chicago 
ll, Ill. Price outside the U.S.A. $20.00 plus postage. 

MacRae’s Blue Book is an authentic directory of American 
‘poustry.. Published annually—in one volume (over 4,000 pages) 
a al into four sections—alphabetical listing of over 50,000 
} Uustrial Plants in the U.S., Capital Rating (when supplied by 

€ compariy ), Classified Material Section of approximately 45,000 
Products, » Chemical Section and a Trade Name Section—over 
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60,000 trade names and addresses listed alphabetically. Helpful 
in locating specific and general sources of supply, building mailing 
lists, locating manufacturers (through trade names), etc. 

Subscribers will be given free of charge a separate address 
section, duplicating the one bound in the directory to permit dual 
use of the address data. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 24, Victoria Street, London, S.W.1.) 


Flexible Steel Conduit and Adaptors for the Protection 
of Electric Cable. B.S. 731 Pt. 1 : 1952 provides for three types 
of flexible steel conduit suitable for insulated cables—unpacked, 
asbestos packed and rubber packed, and for two types of adaptors 
—clamp type and solid type. In addition to standardizing dimen- 
sions, it specifies mechanical requirements and tests for the finished 
conduit, and prescribes suitable qualities of materials for use in 
the manufacture of flexible steel conduit and adaptors for cable 
protection. Price 2/6. 


Dimensions of Foundry Moulding Boxes. B.S. 1889 : 1952 
was prepared at the request of the Institute of British Foundrymen, 
to provide a standard range of moulding boxes and their essential 
components for the foundry industry in order to increase inter- 
changeability, to reduce the excessive number of types at present 
in use and to aid designing, work planning and costing. It is 
considered that in the majority of instances the range of sizes 
specified will satisfy the major requirements of the industry. 

he standard specifies dimensions of 2-pin square, rectangular 
or round box parts, designed for loose pins, of sizes ranging from 
12 in. x 12 in. x 3 in. to 72 in. x 72 in. x 24 in., with pin 
diameters ranging from } in. to 1} in. and distances between pin 
centres ranging from 15 in. to 77 in. It specifies also dimensions 
of lugs and bushes, which may be single or double. Price 2/6. 


B.S. 1826. Reference tables for platinum/rhodium v 
platinum thermocouples and B.S. 1827. Reference tables 
for nickel/aluminium wv nickel/chromium thermocouples 
are for use in converting thermocouple voltages into the equivalent 
measured temperatures and in defining the relation between 
impressed e.m.f. and scale reading for pyrometers which indicate 
temperature directly. 

The tables specify the e.m.f./temperature relations for the 
thermocouples in four ways, as follows: (a) Millivolts: degrees C ; 
(b) Degrees C: millivolts ; (c) Millivolts: degrees F ; (d) Degrees 
F: millivolts. Price 7/6 and 6/-. 

Reference tables for copper v constantan thermocouples are in 
preparation and further tables may be issued in due course. 





Classified Advertisements. 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





SITUATIONS VACANT 


ARMSTRONG SIDDELEY MOTORS, makers of two out of 
three of England’s Super Priority jet engines, have number of 
vacancies for experienced Sheet Metal Planning Engineers. 
Aero engine experience great advantage, general engineering 
experience possibly sufficient if combined with high level of 
intelligence. Also vacancies for Senior and Junior Jig and Tool 
Draughtsmen. Reply in detail to the Personnel Manager, 
Armstrong Siddeley Motors, Coventry.—Ref. PHR2. 


MACHINERY, ETC., FOR SALE 


The VAPOR PHASE cooling system fitted to ANY DIESEL or 
INTERNAL COMBUSTION ENGINE will provide factory 
heating or process steam, at NO cost for fuel, besides lengthening 
the life of the engine. VAPOR PHASE recovers waste heat as live 
steam, pays for itself in the first year, costs nothing to operate and 
is good for life. Send for leaflet VP.127, Bastian & en Ltd., 
Ferndale Terrace, Harrow, Middlesex. Tel.: Harrow 7171. 


RECONDITIONED EX-ARMY HUTS, and manufactured 
buildings. Timber, Asbestos, Nissen Type, Hall Type, etc. All 
sizes and prices. Write, call or telephone—Universal Supplies 
(Belvedere) Ltd., Dept. 50, Crabtree Manorway, Belvedere, 
Kent. Tel.: EritH 2948. 


MISCELLANEOUS 


WANTED.—Complete 1940 and 1941 volumes of “ The Engineers’ 
Digest”? at double of original subscription price. Also Jan., 
1949, and June, 1950 issues at 3/6 per copy.—Subscription Dept., 
120, Wigmore Street, London, W.1. 


TRANSLATIONS (Technical, Commercial), all languages. 
Abstracts also supplied. Olympia Translation Service, 149 
Blythe Road, London, W.14. RIVerside 5135. 
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TEMPERATURE 
MEASUREMENT 


“Thermindex” Paints are temperature sensitive compounds 
which indicate by a sharp, clear cut change of colour when the 
temperature of a surface has attained or exceeded a predeter- 
mined value, so that information on the temperature of an 
entire surface is given at a glance. 


Write Dept. H4 for full technical details. 


“THERMINDEX 


TEMPERATURE INDICATING PAINTS 

















SOLE DISTRIBUTORS FOR EUROPE AND THE U.K. 


J. M. STEEL & CO. LTD 
36-38 KINGSWAY, LONDON, W.C.2. 


Tel, HOLborn 2532/5 


Branch Offices: 
51 SOUTH KING ST., 
MANCHESTER 2 BIRMINGHAM 3 


Tel. : Deansgate 6077/9. Tel.: Central 6342/3. 
Manufactured by Synthetic & Industrial FinishesjLtd. 


5S NEWHALL ST., 


For the positive co: 

types of liquids or gases, a 
wide range of valves has 
bol-1-5 ae (-01/-) (0) of -1o i CoM eat=t-t an talc) 
many industrial applicaticns, 
We ME (-1-1@ ole Milo), more) ale de) Maat: e 
terials handling, interrupter 
gear. The range includes 
valves for working pressures 
up to6,000p.s.i, Many of these 
components are covered by 
| 30): «Cob em i C-Veulc) o) cole) MM ol-3 autos 
cates. Valves canbe supplied 
to meet any special applica- 
tions. We invite you to discuss 
your project with us. 


RECTIFIER 


This companent is designed 
primarily for use with E.H. 
Yo) (<5 aXe) (e Me) f=) e-1 (cle MME T-T h(t 
when A.C. supply onlyisavail- 
able. Provision is made for 
conduit connections, Sealing 
| ofe>:<-1 Co) am oxo) 111-1 4 A or-T oN 
connections are available. 
BUXTON CERTIFICATE. 
Serial Nos. F.L.P. 2632 group 
1, F.L.P. 2633 groups 2 and 3. 


LECTRO- 
YDRAULICS 


LIMITED 


LIVERPOOL ROAD WARRINGTON, LANCS 





























JIGS AND FIXTURES 


Our new premises have 

enabled us to extend our 

Press Tool, Jig and 

Fixture department, and 

we shall be pleased to 

quote you for this class 
of work. 


Competitive prices— first class 


9 
workmanship. 
RAWSTHORNES |= 
( olton) Me THE HARPURHEY PRECISION ENGINEERS LTD 


EMPIRE WORKS - MOSTON ROAD - GREENGATE 
BULLOCK STREET WORKS, BOLTON. c ‘ 


HADDERTON NR. MANCHESTER 
Telephone: MIDdl 3681/2. 
Telephone: 1143 Established 1860 —_ eon 266! 
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